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[bookmark: _Toc165815153]Abstract
Modular construction (MC) is becoming a suitable alternative to traditional construction due to its sustainable features that align with the circular economy principles. The faster construction process, reduced amount of waste, reduced resource consumption, etc. have attracted the attention of many countries to pursue and adopt this way of construction. However, many developing countries still struggle to cope with this aim, and Kazakhstan is not an exception. 
This thesis aims to identify and evaluate the potential drivers, challenges, and implementation strategies for modular construction adoption in Kazakhstan. It also analyzes the alignment of MC with the main circular economy principles. Based on the research findings, the study seeks to identify the relationships between the driving forces, challenges, and strategies to develop future recommendations for stakeholders for MC adoption. Qualitative research methods were used to gather the opinions of professionals via a questionnaire survey. Descriptive statistics were applied to verify the validity and reliability of the results, and PLS-SEM analysis was performed to highlight the latent relationships between the constructs. As a result, the most significant drivers, challenges, strategies, and circular economy factors associated with the MC were found and these contributed to the existing literature. The results have shown that there is a crucial need to raise the awareness of stakeholders and other relevant parties about the features and methods of MC. On the other hand, the research findings indicate that the knowledge of professionals about circular economy and its principles is very low, which implies that increasing general awareness is one of the key strategies to develop CE in Kazakhstan.
Additionally, certain recommendations for the adoption of MC in Kazakhstan have been prepared based on the findings and results of the analysis. Considering some limitations of the study, recommendations for future research directions were also suggested.









[bookmark: _Toc165815154]Chapter 1 – Introduction
[bookmark: _Toc165815155]1.1 Background 
The construction industry all around the world heavily relies on conventional methods of construction. However, these have many limitations and negative consequences that have long-term effects on the environment like waste of raw materials, high amount of waste produced, and construction pollution. Prefabricated construction has become one of the alternatives for the conventional methods for its approaches towards circular economy principles. Having multiple advantages over conventional construction methods like reduced construction time, greater sustainability, higher cost-efficiency, and improved safety, prefabricated construction will be the subject of this proposal paper. What is prefabricated construction, why is it important and why it can be a great alternative to conventional construction will be discussed further.
This research aims to investigate the potential of prefabricated construction in Kazakhstan and suggest appropriate recommendations for the adoption of prefabricated construction aligning with circular economy principles in Kazakhstan.
[bookmark: _dqeboc77nq1a][bookmark: _Toc165815156]1.2 Problem Statement
Yet Kazakhstan’s construction industry sector has been a considerable contributor to the economic and urban development of the country, it faces serious challenges related to sustainability, resource consumption, and substantial waste generation. Since conventional construction methods have not been addressing but aggravating the situation with the environmental concerns of industry, there is an urgent need to explore more sustainable alternatives that would align with circular economy principles. 
Prefabricated construction has shown great potential in addressing these challenges in foreign countries via resource consumption optimization, and construction waste management which aligns with circular economy principles, however implementation and adoption of prefabricated construction with circular principles has not been developed and understood well in Kazakhstan’s construction industry. This research aims to analyze and evaluate the feasibility and expediency of prefabrication construction adoption in Kazakhstan to promote more sustainable and efficient housing.
[bookmark: _Toc165815157]1.3 Scope and Limitations of the Study
Kazakhstan is one of the most prominent countries in Central Asia with a fast-growing economy. Having a huge potential to develop in different directions including the construction industry, it is important to follow the sustainability concepts. Like many other developing and even developed countries, Kazakhstan also faces sustainability issues in the construction and other industries. Moreover, modern global policies consider sustainability concerns at a higher level of awareness than before (Junussova et al., 2024). This is why this study aims to analyze the modular construction situation in Kazakhstan because MC is highly correlated with the circular economy concepts of reduction, reuse, and recycling (Mackenbach et al., 2020).
The study is narrowed to Astana, Kazakhstan to find out the opinions of construction professionals with experience on modular projects. It was done via the distribution of a questionnaire survey among these professionals, and they were asked to give their views regarding certain drivers, challenges, and implementation strategies for MC adoption. Additionally, they were asked to assess the extent to which certain circular economy concepts aligned with the MC from their experience. 
The limitations of this study mainly come from the data collection methodology. Low validity and response bias are considered the most common questionnaire survey limitations (Junussova et al., 2024). Also, difficulties with finding respondents and low response rates have always been considerable barriers related to the survey method (Coughlan et al., 2009). To filter the participants, non-random sampling was applied to test only the appropriate population and incomplete responses were not considered. Another major limitation of this study is the limited knowledge of construction professionals about sustainability itself. This is caused by the low general awareness of sustainability not only in the construction industry but in the whole country.  




[bookmark: _13bqrj79wl2p][bookmark: _Toc165815158]1.4 Objectives
The thesis has certain objectives as follows:
· Identify and analyze potential drivers and challenges for the adoption of modular construction in Kazakhstan.
· Propose and evaluate implementation strategies for the adoption of modular construction in Kazakhstan.
· Develop possible recommendations for the successful adoption of prefabricated construction of sustainable housing, maintaining circular principles, for stakeholders, policymakers, and any other experts.
· Evaluate the level of awareness of construction professionals regarding circular economy principles and practices.
[bookmark: _gpvmty8qqsg5][bookmark: _Toc165815159]1.5 Research Questions
To conduct comprehensive research, the following research question must be answered:
· How can prefabricated construction improve waste management and contribute to the higher rate of recycling/reusing on the construction site aligning with circular principles?
· To what extent, are construction professionals, stakeholders, etc. aware of the prefabricated construction and circular principles?
· Why is prefabricated construction not widely adopted in Kazakhstan’s construction industry with circular principles?
· Do existing drivers for adoption overcome existing challenges for the adoption of modular construction in Kazakhstan?




[bookmark: _Toc165815160]1.6 Structure of the Thesis
The thesis work consists of five chapters:
Chapter 1 – Introduction
The first chapter of the thesis study provides an overview of the thesis itself. It contains and gives detailed information about the problem statement, aim and objectives of the study, and research questions. This chapter serves as a first step into the thesis. 
Chapter 2 – Literature Review
The Literature Review section is an important part of the study, it is a comprehensive analysis and overview of the existing studies on topics related to modular construction and circular economy in the experience of foreign authors. The significance of this chapter is revealed by the fact that the study itself starts firstly with the Literature review because it can help to evaluate the existing experience to define certain gaps and whitespaces of the topic that need to be investigated. This part is done throughout the whole process of Thesis writing, as with the progress, more information/literature has to be analyzed and observed.  
Chapter 3 – Research Methodology
Chapter 3 of the thesis is research methodology which describes different methods, techniques, tools, and software employed for this study. This part explains the step-by-step procedure of conducting the work, starting with the preparation of the questionnaire survey content, and the performance of various statistical tests, which later on led to the application of Factor Analysis and Structural equation modeling. Overall, this chapter provided a detailed explanation of how the work was done.
Chapter 4 – Results and Discussion
The crucial part of the study is Chapter 4 about the results and discussion. This chapter highlights the results of the performed methods which provided certain findings of the study. It also demonstrates the meaning and potential implications of the results, which are used to conclude later. 
Chapter 5 – Conclusions, Recommendations, and Future Directions
The last chapter of the thesis is dedicated to the summarization of all work done, findings, and recommendations. As all results are discussed and definite outputs are derived, recommendations for future research directions are made to supplement the existing research studies. 
[bookmark: _Toc165815161]Chapter 2 – Literature Review
[bookmark: _on9nulv5haie][bookmark: _Toc165815162]2.1 Prefabricated Construction
For several decades, construction industries all over the world have heavily relied on conventional methods of construction, based on labor-intensive techniques. Kazakhstan, a country with a developing economy has also followed this way of construction, and its economic stability has been directly dependent on the construction industry sector. Demographic growth and subsequent high urbanization rates have been creating a strong demand for more sustainable and cost-effective housing. These changes have created a need for the industry to consider its construction methods and implement new technologies to adapt to modern requirements (Egan, 1998). To address these challenges, new construction methods have been introduced to promote more effective and sustainable construction (Thurairajah et al., 2023). 
Prefabricated, also known as Modular construction, has been implemented and is adopted in many developed countries of the world like Australia, the UK, China, the USA, Singapore, etc. to develop and support a more sustainable construction model (Thai et al., 2020). This method of construction has existed before; however, its popularity is generally referred to as recent technological advancements that have created more complex demands from stakeholders like reduced waste, shorter construction process duration, less labor involved, etc. (Amtered El-Abidi & Ghazalia, 2015). This concept refers to the manufacturing of separate units of building and later assembly with the installation of these elements on construction sites (Gunawardena & Mendis, 2022). 
[bookmark: _bgeygxmvhmad][bookmark: _Toc165815163]2.1.1 Modular Units
Depending on the degree of prefabricated work, elements can be divided into three types (Kamali & Hewage, 2016):
· 1D - single elements (beams, slabs)
· 2D - panelized systems (walls, floors, roofs)
· 3D - volumetric systems (whole building units, as a single flat room)
2D and 3D are more popular types of prefabricated units, and volumetric systems are the same panelized systems assembled. Fully fitted volumetric units, whenever ready for transportation, only require trim work and the final setting of electrical, plumbing, and mechanical networks (Ribeiro et al., 2022). 
In general, during prefabricated construction, 80-85% of the work performed is done off-site, while the rest of the work refers to foundation fill and engineering network setup (Kamali & Sewage, 2016; Ribeiro et al., 2022). 
[image: ]
Figure 2.1. 2D panelized systems (steel floor cassette and frame respectively) 
Figure 2.1 can be used to observe the typical prefabricated 2D panelized systems, namely, steel floor cassette and frame, on the construction site in China (Thai et al., 2020).
[image: ]
Figure 2.2. 2D panelized concrete systems
Pictures of 2D panelized concrete systems can be seen in Figure 2.2 (Thai et al., 2020). 
[image: ]
Figure 2.3. 3D modular (volumetric) systems (a) load-bearing wall (b) corner-supported frame
Figure 2.3 demonstrates pictures of two types of modular systems used in prefabricated construction classified as (Thai et al., 2020):
· Load-bearing wall
This type of modular unit is popular in Singapore’s prefabricated construction. Four side walls are used to transfer and distribute the applied gravity loads to the base. 
Lateral wind/earthquake loads are handled by transferring them to shear walls or bracing systems through the side walls. 
· Corner-supported frame
This module type is common for high-rise buildings owing to its higher load-bearing capacity. Gravity loads are distributed via edge beams and corner posts. Ceilings and floors serve to transfer the lateral wind/earthquake loads to shear walls and bracing systems.  
[bookmark: _ye55vntz755a][bookmark: _Toc165815164]2.1.2 Drivers for Modular Construction Adoption
Although the building industry contributes greatly to total economic growth, high energy consumption, waste generation, and CO2 emissions have always been the main reasons for criticism of the poor performance of the building industry in environmental sustainability (Hu & Chong,  2019). To relieve environmental pressure from the building industry, new more environmentally friendly methods of construction have been introduced like prefabrication construction. Modular construction is significantly different from conventional methods, having its advantages and positive features. These can be explained in the following list:
[bookmark: _3tug52723q2w]Reduced waste and resource consumption
Conventional methods of construction with high human involvement are usually associated with errors, defects, and rework which lead to additional unnecessary wastes that are generated during material handling and movement (Zhang et al., 2022). Prefabricated construction in a controlled factory environment offers advantages related to the increased environmental sustainability aspects like reduced waste and reduced use of raw materials (Wu et al., 2021). The application of automated technologies minimizes the possibility of any error during module construction, and the required amount of material is maintained with no further overruns. Hu & Chong (2019) have stated that according to the case study conducted by Cao et al. (2015), the adoption of prefabricated construction reduces the consumption of raw materials by roughly 20 percent. As Jaillon et al. (2009) claim, a 50 percent reduction of waste is noticed when prefabricated construction methods are applied compared to conventional ones. According to a study conducted by Tam et al. (2014), there was a noticeable reduction in the consumption of tile, reinforcement, and concrete by 60, 25, and 35 percent respectively. The application of modular construction leads to landfill reduction by at least 70 percent (Lawson et al., 2012).
[bookmark: _bbe0zeci1t3u]Reduced construction time
Since modular construction briefly consists of three stages of production, transportation, and installation, it considerably affects the construction process duration beneficially. Moreover, the duration of construction is also affected by the fact that structural construction can happen off-site simultaneously with the site and/or foundation development. 
[image: ]
Figure 2.4. Conventional construction process chart
[image: ]
Figure 2.5. Prefabricated construction process chart
From Figures 2.4 and 2.5, in prefabricated construction systems, site preparation and manufacturing of modules may proceed simultaneously, meanwhile, in the conventional construction process, construction takes place once the site preparation is finished. While conventional methods have activities going in the turns, these activities take place at the same time during prefabricated construction leading to considerable time savings. According to Gunawardena & Mendis (2022), prefabricated construction saves approximately 50 percent of construction time compared to conventional methods. 
[bookmark: _u7pt5cg87r3d]Better quality control
Much higher consistency and precision can be achieved by the adoption of a controlled factory environment, while human factor and error probability are minimized. These factors positively affect the final quality of the end product (Pan et al., 2012). Since most of the construction activities are automated, there is a minimized risk of any possible material overruns, material thefts, and vandalism on the construction site (Navaratnam et al., 2022). Also, automated construction of modules with the application of computer-aided design and additional technologies inside the factory reduces the defects and rework possibility minimally (Zhang et al., 2022). 
[bookmark: _donqsxqqbp11]Higher cost-effectiveness
For the previous reason, the effectiveness of the method is maximized due to the employment of advanced factory equipment with the least human error factor. On the other hand, modular construction requires less labor, which decreases the overall costs (Wasim et al., 2022). The total amount of manpower can be reduced by approximately 30 percent (Tam et al., 2014). On the other hand, the application of automated technologies in the factories leads to decreased construction time, a very low possibility of time delays due to weather conditions, and less labor required on the construction site. Any material overruns and weather conditions’ effects are minimized because 80-90% of the construction activities are done in the controlled factory which positively affects the final productivity of the method (Navaratnam et al., 2019).
[bookmark: _wvngb04g531k]Improved safety
In conventional construction, there are different safety concerns related to working at height, severe weather conditions, neighboring construction activities, etc. (Navaratnam et al., 2019). Prefabricated construction offers a controlled factory environment which provides safer conditions for module construction since later ones are manufactured via specialized machinery with the least human involvement. It significantly reduces the probability of any incidents/injuries etc. (Mohandes et al., 2022). Additionally, a reduced amount of manpower on the site also contributes to improved safety on the construction site. As Lawson et al. (2012) stated, the application of modular construction can lead to an 80 percent reduction in on-site accidents compared to conventional construction methods. Additionally, prefabricated construction methods do not affect neighboring buildings since there is a significant reduction of noise and disruptions by 30-50 percent (Lawson et al., 2012). 
Overall, from the literature, prefabricated construction compared to traditional methods, has various advantages related to cost-effectiveness, accelerated construction process, environmental and sustainability impacts, improved quality, and safety on-site. Table 2.1 was made up to show the summary of drivers for modular construction according to foreign authors.
Table 2.1. Drivers for the modular construction adoption
	Code
	Advantage
	References

	D1
	Higher cost-effectiveness and reduced cost 
	Wasim et al. (2022)
Tam et al. (2014)
Jang et al. (2022)
Lawson & Ogden (2010)
Kamali & Hewage (2016)

	D2
	Faster construction process
	Gunawardena & Mendis (2022)
Loizou et al. (2021)
Jang et al. (2022)
Lawson & Ogden (2010)
Kamali & Hewage (2016)
Hussein et al. (2021)

	D3
	Reduced amount of waste 
	Wu et al. (2021)
Cao et al. (2015)
Jaillon et al. (2009)
Tam et al. (2014)
Lawson & Ogden (2010)
Kamali & Hewage (2016)

	D4
	Less resource (materials and equipment) consumption
	Cao et al. (2015)
Jaillon et al. (2009)
Kamali & Hewage (2016)

	D5
	Higher quality performance 
	Pan et al. (2012)
Sun et al. (2020)
Lawson et al. (2012)
Boafo et al. (2016)

	D6
	Improved quality control and supervision
	Pan et al. (2012)
Sun et al. (2020)
Lawson et al. (2012)

	D7
	Improved safety and working conditions
	Mohandes et al. (2022)
Sun et al. (2020)
Lawson et al. (2012)
Li et al. (2013)

	D8
	Less labor required
	Azman et al. (2012)
Bildsten (2011)
Amtered El-Abidi & Ghazalia  (2015)

	D9
	Less noise distractions
	Mohandes et al. (2022)
Sun et al. (2020)
Lawson et al. (2012)

	D10
	Less effect of weather conditions
	Sun et al. (2020)
Boafo et al. (2016)

	D11
	Movement availability (modules can be separated from the foundation and moved to another site)
	Desai & Mital (2005)


[bookmark: _uyjvwnzf88iy][bookmark: _Toc165815165]2.1.3 Challenges for Prefabricated Construction Adoption
Even though modular construction has certain advantages that promote it as a great alternative method to address sustainability issues, it has some drawbacks mostly related to design, logistics concerns, and possible financial overruns according to different research results (Thurairajah et al., 2023). These limitations cause the poor adoption rate of modular construction not only in Kazakhstan but also in many developing countries.  These can be explained in the following list.
[bookmark: _q13c763wj48]High capital cost
High capital cost is a common significant barrier to the adoption of modular construction. This term indeed involves initial costs and additional transportation costs. Different papers have indicated the reduced cost and cost-effectiveness as great features of the method, however, required initial investment in supportive equipment needs to be noticed (Sun et al., 2020). Pan et al. (2007, 2008) conducted a qualitative study among housebuilders in the UK, and the results have shown that the high initial cost has been ranked as the top barrier to modular housing adoption. On the other hand, there are transportation and shipping costs which contribute greatly to the total cost increase by approximately 20 percent (Lu & Yuan, 2013).  
[bookmark: _f73oeegxgsh1][bookmark: _xkhhb8u2yyx9]Need for supportive equipment and cranes
The need for more equipment is another concern that triggers most stakeholders etc. The weight of the module is usually much higher than the load capability of ordinary cranes. To install modules on-site, it is vital to own the required supportive equipment and more powerful cranes. It is the contractor's responsibility to provide a site with adequate cranes with enough capacity for the crane’s load, height, etc. (Tam et al., 2015). The requirement for these cranes creates additional crane costs, which are quite expensive. 
Limited design flexibility
In most cases, at the early module design stage, it is required to maintain the same design for all modules throughout the whole construction process. Later it can be very difficult to make any changes related to the design since flexibility is limited due to the consistent standardized dimensions of the modules (Zhang et al., 2017). In addition, the paucity of relevant design codes and standards for modular buildings also serves as a major obstacle to more extensive adoption of the method (Sun et al., 2020).
[bookmark: _hnmatwkb9p9m]Lack of professional labor
Modular construction is limited by labor shortages, especially for professional designers, and installers (Thurairajah et al., 2023). This factor aligns with the lack of knowledge and understanding of modular construction methods (Mao et al., 2014). These two were found to be considerable concerns for the successful development of modular housing since it is impossible to implement new technologies in the market without the respective professional support of experts, and skilled labor who have enough experience to maximize the potential of the method (Liu et al., 2019).
[bookmark: _edepagva6brf]Logistical challenges
Modules produced on the special off-site factory have relatively considerable dimensions, which creates another challenge for the adoption of modular housing. Transportation of the modules in the urban area might lead to traffic congestion because the city roads are not designed to ship huge modular blocks. Cities of different countries have their own rules and regulations for the dimensions and weight limit for vehicles transporting prefabricated buildings/modular blocks. For example, the Australian city, of Victoria has maximum allowable width, height, length, and weight for transportation as 5.0 m, 5.0 m, 30 m, and 43 tones. These regulations might restrict the design development of blocks (Gunawardena & Mendis, 2021). 
[bookmark: _sq3r63bi1i03]More coordination and communication are required
There is a strong demand for close communication and collaboration between stakeholders, designers, manufacturers, and contractors (Hwang et al., 2018). Compared to traditional housing construction, modular housing requires more intensive planning and coordination between stakeholders. According to different literature, more pre-project planning and appropriate supply chain management are considerable challenges for adoption. Poor supply chain management and communication can easily result in the delivery of an excess number of modular blocks to the site (Kamali & Hewage, 2016).
Prefabricated construction might face very different challenges depending on the type of project, location, etc.; Table 2.2 was made to show the frequent challenges that were found from different papers across the web. 
Table 2.2. Challenges to the adoption of modular construction
	Code 
	Challenge
	References

	C1
	High capital cost
	Sun et al. (2020)
Pan et al. (2007, 2008)
Lu & Yuan (2013)

	C2
	Need for supportive equipment and cranes
	Tam et al. (2015)

	C3
	Limited design flexibility
	Zhang et al. (2017)
Sun et al. (2020)

	C4
	Design restrictions caused by the module's sizes (traffic limitation) 
	Mao et al. (2014)

	C5
	Lack of design codes and standards
	Kamar et al. (2009)

	C6
	Lack of prefabricated components' suppliers
	Kamar et al. (2009)
Pan et al. (2007)

	C7
	Lack of experienced labor 
	Thurairajah et al. (2023)
Mao et al. (2014)
Liu et al. (2019)

	C8
	Low awareness of the method
	Ribeiro et al. (2022)

	C9
	Logistical and transportation challenges
	Kamali & Hewage (2016)

	C10
	More communication among stakeholders during construction
	Hwang et al. (2018)
Kamali & Hewage (2016)

	C11
	Extra project planning
	Hwang et al. (2018)

	C12
	Lack of governmental and regulatory incentives  
	Kamar et al. (2009)
Nawi et al. (2011)

	C13
	Restricted site space (lack of space for modules storage and movement)
	Kamali & Hewage (2016)
Mao et al. (2015)


[bookmark: _mq6cl8z86mdq][bookmark: _Toc165815166]2.1.4 Implementation Strategies and Recommendations
The occurrence of innovative methods and technologies that tend to develop in the industry creates a need for governmental participation in terms of regulations, incentives, and any support. Existing challenges and pitfalls related to modular construction distract stakeholders and any relevant parties from adopting it. Different foreign experiences demonstrate that the participation of the government is crucial for successful implementation since the government is capable of resolving existing challenges of the method. Governmental support including policy regulations, financial incentives, etc. creates more comfortable conditions for stakeholders’ involvement and adoption. If governmental support is applied correctly, the realization becomes significantly more feasible (Wang et al., 2022). 
After obtaining the results of the questionnaire survey, the most significant drivers and challenges will be identified, so appropriate implementation strategies will be recommended. At this point, development strategies and recommendations from the literature review are explored.
Review of implementation strategies proposed in foreign countries
Bello et al. (2023) have conducted research to identify the critical drivers and barriers to the adoption of modular construction in the case of Nigerian AEC professionals. According to the results, the authors have introduced a list of implementation strategies for modular construction addressing most challenge types:
· Increasing the level of awareness among the professionals and stakeholders,
· Regular training on modular construction for employees,
· Provide funding support for the research & and development of the modular construction topic,
· Governmental participation: subsidies, regulatory policies, and codes for modular construction,
· Application of advanced technological tools such as BIM.
All strategies were not mentioned in this list, the most significant ones only.
Conducting similar research in Hong Kong, Pan et al. (2023) have come up with different results. The following research has also involved the application of qualitative research methods like questionnaire surveys and expert interviews. Certain strategies were prepared for the questionnaire survey and given to participants to assess the significance of those. The most significant ones can be observed below:
· Gross Floor Area reward for modular buildings,
· Improving current standards and codes for modular buildings,
· Prioritize the application of the modular method in hotels, student dormitories, and public housing, 
· Transform current transport regulations to resolve logistics problems (transport width limit),
· Increase awareness and provide training for local professionals.
Wang et al. (2022) have researched incentive policy evaluation of prefabricated buildings and came up with recommendations for the prefabricated buildings incentive policy in China. These were summarized as follows: 
· Providing subsidies for prefabricated projects,
· Funding support for research & development related to prefabricated buildings,
· Separate taxes for production and construction,
· Receiving a VAT refund after project completion,
· Priority lending and subsidized interest,
· Increasing loan amount and duration to consumers.
Jiang et al. (2019) have also conducted research based on the evaluation of the effectiveness of prefabricated construction incentive policies in China. Mentioned implementation strategies were as follows:
· Financial reward,
· Fund support,
· Subsidies after project completion,
· Priority lending and subsidized interest,
· The Increased loan amount and payment period,
· Volume rate bonuses,
· Priority land supply.
All of these papers and research are focused on different countries with different backgrounds, economies, and industrial opportunities, which is why these were used for further analysis of Kazakhstan’s implementation strategies after the results of the questionnaire and interviews were obtained. Some of the proposed implementation strategies were suggested in the questionnaire survey for construction professionals in Kazakhstan. Thus, Table 2.3 was made out of frequently mentioned implementation strategies from the foreign research:
Table 2.3. Implementation strategies for the adoption of modular construction
	Code 
	Implementation strategy
	References

	IS1
	Increasing general awareness about method and concept
	Bello et al. (2023)
Pan et al. (2023)

	IS2
	Regular training on modular construction for employee
	Bello et al. (2023)
Pan et al. (2023)

	IS3
	Funding support for research & development on the modular construction
	Wang et al. (2022)
Bello et al. (2023)
Ribeiro et al. (2022)
Trigunarsyah et al. (2021)

	IS4
	Subsidies for modular projects
	Jiang et al. (2019) 
Wang et al. (2022)
Bello et al. (2023)

	IS5
	Priority lending and subsidized interest
	Wang et al. (2022)
Jiang et al. (2019)

	IS6
	Increasing loan amount and credit period
	Wang et al. (2022)
Jiang et al. (2019)

	IS7
	Use of locally available materials
	Garusinghe et al. (2023)
Wuni & Shen (2022)
Rahla et al. (2021)

	IS8
	Development of design codes, standards, and guidelines
	Ribeiro et al. (2022)
Pan et al. (2023)

	IS9
	Adopt recycling and reusing for materials
	Ferdous et al. (2019)
Wuni & Shen (2022)

	IS10
	Application of Design for Disassembly Approach
	Desai & Mital (2005)
Garusinghe et al. (2023)

	IS11
	Adopt digital technologies like BIM
	Wu (2017)
Garusinghe et al. (2023)

	IS12
	Gross floor area reward
	Pan et al. (2023)


[bookmark: _Toc165815167]2.2 Circular Economy
Construction industry activities, following the linear economy model, have always been creating environmental concerns like depletion of natural resources, huge amounts of waste, greenhouse gas emissions, etc. These ecological challenges have highlighted the strong need for the development of a more sustainable, circular, environmentally friendly economy (Tirado et al., 2022). The concept of Circular economy (CE) emerged in the 1970s and was based on the optimization of natural resources consumption and efficient waste management throughout the life cycle of the products. Later on, the concept gained relevance to address certain sustainability issues of public policies in governments of European countries. (Arruda et al., 2021). The main aim of the CE concept in the construction sector is to extract the maximum possible value from the resources, thus reducing waste and pollution (Bao et al., 2019). The conventional linear economy development system “extraction (take) → production (make) → disposal (dispose of)” has led to environmental deterioration by negligent use of raw materials and attitude toward pollution and wastes (Arruda et al. 2021 & Bao et al., 2019). 
[image: ]
Figure 2.6. Linear and Circular economy systems
A very accurate explanation of the circular economy principle was defined by den Hollander et al. (2017): “In a CE, the economic and environmental value of materials is preserved for as long as possible by keeping them in the economic system, either by lengthening the life of the products formed from them or by looping them back in the system to be reused ”.
Kazakhstan is a developing country with a high urbanization rate, and there is a demand for more living areas and residential buildings for those who are moving from rural areas to cities. Like any other developing or developed country, the economic development of Kazakhstan is sustained by the construction industry. This led to enormous amounts of construction and demolition waste (C&D) and serious challenges for the governments (Bao et al., 2019).
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Figure 2.7. C&D waste and its management (Jaillon et al., 2009)
As can be seen from Figure 2.7, developed, and developing countries all around the world have been struggling with the problem of C&D waste management. Few countries have started their waste management strategies at the initial stages. Netherlands, Belgium, and Denmark have been successfully applying strategies to reuse or recycle 90, 87, and 81 percent of C&D waste respectively, which is quite good numbers (Jaillon et al., 2009). The application of Circular economy principles is aimed at the reduction of these wastes, which is proved by the experience of the mentioned countries.
[bookmark: _p6tlgpt3ootu][bookmark: _Toc165815168]2.2.1 3R principles of the CE
The foundation of the CE lies on the principles of 3R: reduce, reuse & recycle (Lei & Yi, 2004):
[bookmark: _8ar6u6r46wp6]Reduce Principle 
Refers to reduction of input materials for production/consumption processes. Simply, it is aimed to obtain as many products as possible with the minimum number of resources used.
Reuse Principle 
Refers to the required use of natural resources/raw materials in every possible way after the initial purpose. Reuse of originally used materials and their by-products prolongs the lifespan of materials which consequently reduces waste.
[bookmark: _v1m4h1lgmezg][bookmark: _g71q2b6kdct7]Recycle Principle 
Refers to the material output. Recycling e.g., turning wastes into secondary resources can potentially reduce both the number of wastes and resources used.
[bookmark: _thlss6bd3evr][bookmark: _Toc165815169]2.2.2 Circular Economy in Modular Construction
Becoming more popular and attracting the attention of researchers aware of sustainability challenges faced by traditional construction methods, various concepts for the integration of circular economy principles into the construction industry have been developed. Based on the 3R principles the list of the strategies from the literature follows:
[bookmark: _47kl9tyt7cqh]Lean production chain for construction waste reduction
Mainly, construction wastes come not only from the disposal stage but from the manufacturing process too (Minunno et al., 2018). The significance of these wastes is explained by the amount of scrap, spoiled materials/products, and defective materials/products which are caused by different reasons such as over-production, schedule delays, damages due to transportation, etc. (Fercoq et al., 2016). These pitfalls are usually not considered adequately, since these are assumed to be unavoidable losses caused by the human factor and errors. However, this should not be the excuse for the excessive construction waste and consumption of raw materials. Prefabricated construction, minimizing human error and the possibility of any defects/scraps, supports the following concept. 
[bookmark: _qv8g13e4rybi]Waste recycling for the production of new components
It is believed that the reuse of construction waste for new components has great potential for addressing the issue of excessive waste (Stahel, 2016). A major part of construction waste consists of inert materials, which can be effectively used for the production of recycled concrete. Additionally, the variety of by-products that can be employed is not restricted by the construction industry, it includes bricks, ceramic products, geo-polymer slurry, fly ash, etc. (Demir and Orhan 2003 & Junak and Sicakova 2017). This practice plays a crucial role in extending the life cycle of by-products. Replacement of cementitious materials and reuse of by-products can be widely adopted in concrete production (Teixeira et al., 2016).
[bookmark: _3j601rv8hcql]Design towards disassembling goods into components to be reused
It is usual practice that many components of the building outlast the initial serviceability limit of the building itself. It means that these materials can potentially be reused and directed to the supply chain again. The idea of the design for disassembly can be understood directly from the term itself. For example, using mechanical connections can significantly support the idea of separating components with the least damage caused (Desai & Mital, 2005). In prefabricated construction, modular blocks are assembled like Lego pieces using mechanical connections which makes it easy to assemble them, and vice versa, disassemble them. This novel practice can be effectively developed together with modular construction to support the circular economy principles. On the other hand, Building Information Modelling can offer the capability to track the location of certain materials in the building which can be separated from the blocks with no harm to the structural performance of the building (Wu, 2017). Certain disassembly requirements, material characteristics, age, and expected lifecycle can be monitored from the model to ease the disassembly process. 
[bookmark: _msifdq81x7p]Design for recycling of construction materials
Products that cannot be reused at the end of their lifecycle should be recycled to prolong the life cycle of initially used materials for their production. Concrete and steel constitute a major part of the materials that are extensively used during the construction process, and both have recyclability potential (Tam, 2008). However, they differ significantly since steel can be recycled many times without any loss of its mechanical properties and overall performance, whereas concrete loses its quality with every recycling procedure. Concrete materials can be downgraded into lower-level materials e.g., from concrete to aggregates which later can be used for new production. Steel bars and frames have greater potential for recyclability (Haas et al., 2015). 
Circular economy concepts in Modular construction (Strategies)
The application of circular economy principles can be tightly correlated to the adoption of modular construction since the idea of the circular economy overlaps with the main features and advantages of the modular construction method. Jayawardana et al. (2023) have stated in their paper: “Modular buildings are key to materials savings, waste reduction, and reuse of components.”, implying that the adoption of modular construction should go together with the circular economy. Thus, authors have proposed certain strategies to promote modular construction aligning with circular principles for developing countries:
· Advance and apply Design for Disassembly approach,
· Incorporation of alternative sustainable building materials: local, recycled, reused, etc.,
· Employment of automated production technologies (special machinery, factory equipment, etc.),
· Application of advanced digital tools like BIM for different purposes,
· Development of design codes, standards, and guidelines for modular buildings,
· Development of a comprehensive material passport system to store and share information during the whole life cycle of a project, 
· Financial support, incentives, and investment to promote adoption,
· Workshops and trainings for workers to increase professional development in modular construction and circular economy,
Like Jayawardana et al. (2023), Wuni & Shen (2022) believe that modular construction and circular economy must be adopted together simultaneously since circular economy principles can be directly applied to construction methods. Authors have proposed certain guidelines for the successful implementation of circular economy principles into modular construction:
· Increasing general awareness about the circular economy,
· Integrated delivery method must be adopted to facilitate collaboration of stakeholders across the whole life cycle, 
· Appropriate professionals must incorporate the reuse of materials (designers, suppliers, manufacturers, etc.),
· Initial design must include the application of recycled materials, locally available materials, remanufactured components, etc.,
· Module manufacturing factories must consider the application of recycled materials and materials that can be later recycled, reused,
· Factories are also encouraged to prefer materials that are easy to disassemble.
Some other researchers have also conducted a study on the implementation of circular economy strategies in buildings. Based on the main principles of circular economy, Rahla et al. (2021) have proposed a framework for circular economy implementation throughout all life cycle stages. Some of them are as follows:
· Use of locally available materials,
· Use of materials with higher recycling and reuse potential,
· Prefer adoption of modular construction,
· Provide required training and workshops related to circular economy for workers,
· Use of BIM for different purposes (information delivery, materials control, etc.),
· [bookmark: _8f3shcplc03u][bookmark: _t5zo8la2z5yz][bookmark: _739199fczkku][bookmark: _hwe8da9txnqs]Separate materials for waste management facilities to properly recycle or landfill,
Based on the findings from foreign researchers, certain circular economy factors were picked to constitute the content for the survey. Table 2.4 was made up to show the circular economy factors to evaluate the extent to which these were observed by respondents during their experience in modular construction in Kazakhstan.
Table 2.4. Circular economy factors
	Code 
	Circular economy factor
	References

	CE1
	Reuse of secondary materials
	Jayawardana et al. (2023)
Wuni & Shen (2022)

	CE2
	Recycle of materials
	Jayawardana et al. (2023)
Wuni & Shen (2022)
Rahla et al. (2021)

	CE3
	Reduction of waste
	Jayawardana et al. (2023)

	CE4
	Lean production chain
	Fercoq et al. (2016)

	CE5
	Disassembly design
	Desai & Mital (2005)
Jayawardana et al. (2023)

	CE6
	Low carbon dioxide CO2 emissions
	Wuni & Shen (2022)

	CE7
	Resource efficiency
	Jayawardana et al. (2023)
Wuni & Shen (2022)

	CE8
	Energy efficiency
	Wuni & Shen (2022)
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[bookmark: _Toc165815170]Chapter 3 – Research Methodology
[bookmark: _Toc165815171][bookmark: _Toc145343256]3.1 Introduction
Chapter 3 of the Thesis describes the research methodology that was applied to achieve the mentioned objectives and aims and to answer the research questions of the study. The essence of this chapter is to provide a detailed explanation of the whole process of the work done: preparation of survey and questions, data collection, data analysis, and evaluation using appropriate tools, methods, and software. 
There is a need to investigate the potential and current trends and challenges of implementing prefabricated construction in Kazakhstan with the application of circular economy principles to support the idea of sustainable construction. To achieve the main goal and objectives of this paper, qualitative research methods will be applied.
[bookmark: _Toc145343258][bookmark: _Toc165815172]3.2 Questionnaire Survey
This research study aims to investigate the attitudes and perceptions of construction industry professionals regarding modular construction in Kazakhstan. To achieve this aim, this study has prepared a questionnaire survey to collect appropriate opinions. The survey method is an appropriate tool to gather information from a certain population e.g. construction industry professionals. 
This study has conducted a self-administered questionnaire survey. Since the target population is defined by certain criteria, the sampling method is purposive non-random sampling. This will avoid the participation of random participants who may not be familiar with the content of the study. Also, the snowballing technique is to be employed since this technique is also quite popular among such qualitative research studies. The idea of the snowballing technique lies in the fact that a sample of the survey is identified during the progress of the survey e.g. one respondent recommends other appropriate professional to participate. The application of the survey aims to highlight the opinions, views, and experiences of certain professionals on modular construction.
[bookmark: _Toc165815173]3.2.1 Data Collection
Data collection was conducted via an online survey, and it was distributed to an appropriate sample of professionals engaged in the required sphere. The survey was prepared in Qualtrics Platform in two languages: Russian and English. The English version was made up as the original one, however, it was required to make the Russian version too due to the demographic requirements of participants. 
The first part of the survey serves as an introductory section for the participants, it consists of 5 general demographic questions, regarding participants' company type, their profession, their experiences, etc. These involve multiple-choice questions.
The second part is the body questions which are related to the prefabricated construction adoption and its alignment with the circular economy. These are Likert scale questions where respondents have to evaluate the significance of certain aspects on a scale from 1 to 5.
The online survey was distributed via social networks and platforms among professionals. The study has followed required ethical principles like confidentiality and anonymity of the participants. They were given a brief explanation of the study and their appropriate rights. That is why before taking the survey, it was required from participants to provide a consent form. 
The questionnaire survey is aimed at obtaining information from specialists who have experienced prefabricated, modular construction methods in Kazakhstan. There were several modular building projects in Astana, and more projects are actively in the process, thus, it is planned to obtain responses from professionals who have experience with those projects.  
[bookmark: _Toc165815174]3.2.2 Data Analysis and Evaluation
Once data was collected and ready for analysis, SPSS, Jamovi, and SmartPLS software were applied to analyze the results of the survey. Using the SPSS software, it was possible to apply descriptive statistics to analyze and draw certain conclusions regarding the obtained data set. Application of SPSS software aimed to conduct required descriptive and inferential statistics. This includes the application of certain statistical tests and their analysis that has an inevitable role in the analysis. Via these powerful tools, many conclusions could be made. 
SmartPLS software is another tool used in this study, which aims to identify and describe latent correlations between variables of the data set. The main aim of the application of the software is to conduct Structural equation modeling (SEM). The SEM is used to test theoretical models of relationships between variables and pathways. For this study, several hypotheses were prepared, and these must be checked according to the SEM.
[bookmark: _Toc165815175]3.2.3 The Content of the Survey
The content of the questionnaire survey can be seen as follows. There are overall 10 questions consisting of 5 demographic and 5 specific questions. Since 5 Likert scale questions involve 10 or more aspects to evaluate, the number of “Question Codes” is large. Questions Codes like D1, C1, IS1, and CE1 are the codes for one of many Drivers, Challenges, Implementation Strategies, and Circular Economy factors respectively. 
Application of the question codes is crucial since later each driver, challenge, implementation strategy, or circular economy factor will be mentioned by codes.
Table 3.1. Question Codes and its description
	Question Code
	Question

	Q1
	What type of company do you work for? - Selected Choice

	Q2.1
	What type of building projects does your organization specialize in? (tick all that apply) - Selected Choice Residential

	Q2.2
	Commercial/Office

	Q2.3
	Educational

	Q2.4
	Industrial

	Q2.5
	Other(s), specify

	Q3
	What is your profession? - Selected Choice

	Q4
	Years of working experience in the construction industry?

	Q5
	Years of experience in modular construction?

	D1
	Based on your experience, assess the significance of the following drivers for modular construction adoption in Kazakhstan on a scale from 1 (Not significant at all) to 5 (Very significant): - (D1) Higher cost-effectiveness

	D2
	(D2) Faster construction process

	D3
	(D3) Reduced amount of waste

	D4
	(D4) Less resource (materials and equipment) consumption

	D5
	(D5) Higher quality performance

	D6
	(D6) Better quality control and supervision

	D7
	(D7) Improved safety and working conditions

	D8
	(D8) Less labor required

	D9
	(D9) Less noise distractions

	D10
	(D10) Less effect of weather conditions

	D11
	(D11) Movement availability (modules can be separated from the foundation and moved to another site)

	C1
	Based on your experience, assess the significance of the following challenges for modular construction adoption in Kazakhstan on a scale from 1 (Not significant at all) to 5 (Very significant): - (C1) High capital cost

	C2
	(C2) Need for supportive equipment and lifting cranes

	C3
	(C3) Limited design flexibility

	C4
	(C4) Design restrictions caused by the module's sizes (traffic limitation)

	C5
	(C5) Lack of design codes and standards

	C6
	(C6) Lack of prefabricated components' suppliers

	C7
	(C7) Lack of experienced labor

	C8
	(C8) Low awareness of construction method

	C9
	(C9) Logistical and transportation challenges

	C10
	(C10) More communication among stakeholders during construction

	C11
	(C11) Extra project planning

	C12
	(C12) Lack of governmental and regulatory incentives

	C13
	(C13) Restricted site space (lack of space for module storage and movement)

	IS1
	Based on your experience, assess the significance of the following implementation strategies for modular construction adoption in Kazakhstan on a scale from 1 (Not significant at all) to 5 (Very significant)? - (IS1) Increasing general awareness about method and concept

	IS2
	(IS2) Regular training on modular construction for employee

	IS3
	(IS3) Funding support for research & development on the modular construction

	IS4
	(IS4) Subsidies for modular projects

	IS5
	(IS5) Priority lending and subsidized interest

	IS6
	(IS6) Increasing loan amount and credit period

	IS7
	(IS7) Use of locally available materials

	IS8
	(IS8) Development of design codes, standards, and guidelines

	IS9
	(IS9) Adopt recycling and reusing for materials

	IS10
	(IS10) Application of Design for Disassembly approach

	IS11
	(IS11) Adopt digital technologies like BIM

	IS12
	(IS12) Gross floor area reward

	Q6
	If there are any more Drivers, Challenges, or Implementation Strategies that you think must be mentioned, please specify below: – Text

	CE1
	To what extent do you agree that modular construction supports and improves the following circular economy principles/elements on a scale from 1 (Strong disagreement) to 5 (Strong agreement)? - (CE1) Reuse of secondary materials

	CE2
	(CE2) Recycle of materials

	CE3
	(CE3) Reduction of waste

	CE4
	(CE4) Lean production chain

	CE5
	(CE5) Disassembly design

	CE6
	(CE6) Low carbon dioxide CO2 emissions

	CE7
	(CE7) Resource efficiency

	CE8
	(CE8) Energy efficiency

	
	


[bookmark: _Toc165815176][bookmark: _vcxjzkahdgtf][bookmark: _v8m94owl1wgb]3.3 Statistical Analysis
Many concepts and aspects of qualitative research studies cannot be directly analyzed and understood, because this type of research does not usually involve numerical data. Instead, attitudes, perceptions, opinions, etc. are evaluated and certain results are concluded. Statistical analysis is a crucial part of qualitative research, serving as a foundation for validating certain insights, checking hypotheses, and making conclusions from the present data. The application of different statistical tools and techniques helps to identify relationships, and trends of the dataset, consequently drawing a more comprehensible view on the results itself. 
[bookmark: _Toc165815177]3.3.1 Reliability Test – Cronbach’s Alpha 
Calculation of Cronbach’s Alpha is probably the most popular method for checking the reliability of the qualitative research’s results. This method identifies an average correlation between responses and the internal consistency of the questionnaire survey (Santos, 1999). Cronbach’s alpha defines the reliability of the survey’s objects. The coefficient has a specific range of 0 to 1 and it is believed that a higher value means higher reliability. It is typically expected to have a value not less than 0.7 to consider adequate internal consistency (Vaske et al., 2017). Experts believe that an alpha of less than 0.7 means poor consistency between items of the survey. However, the alpha coefficient is significantly affected by many factors like sample size, number of questions, questionnaire length, and number of responses, etc. 
To compute Cronbach’s alpha coefficient, the following formula is derived:
		(3.1)
 – an average covariance between the scale objects,
 – an average variance of the scale objects,
 – number of scale objects, 
The formula can further be simplified when the factors are standardized and have one common variance:
		(3.2)
 – an average correlation between objects.
[bookmark: _Toc165815178]3.3.2 Normality Test – Shapiro-Wilk test 
The normality test is another crucial statistical tool used in qualitative research analysis. There are two generally accepted tests: Shapiro-Wilk and Kolmogorov-Smirnov. The first one is more popular, which is why it will also be used for this study. The idea of this test is to identify whether the data is normally distributed or not. In this method, the null hypothesis is assumed to be that the data is NOT normally distributed. To check this hypothesis, the alpha for testing normality is considered to be typically 0.05. If the p-value derived from the results of the test is lower than the assumed alpha value (0.05), it means that the proposed hypothesis is wrong, and data is normally distributed. 
Shapiro-Wilk test is based on the test statistic and can be defined as (Monter-Pozos and Estrada, 2024):
		(3.3)
 – ith order statistics and  is mean value.
Testing data for normal distribution is of high importance since the results can affect the choice of further analysis methods and tools. 
[bookmark: _Toc165815179]3.3.3 Mean Score Ranking Technique 
The mean ranking technique is an important tool used both in qualitative and quantitative research. The idea of this technique is to rank the criticality of certain factors by placing them by their scores of mean in descending or ascending orders. 
Typically, mean scores can be computed using the formula:
		(3.4)
 – criticality of  factor according to  respondent.
 – number of respondents.
As mean scores are calculated and placed in the required order, scores with higher values are given the highest criticality, etc. In case there are two factors with the same scores then the one with the lower standard deviation value is chosen. This can be explained by the definition of the standard deviation of is the difference in scores given by respondents. A lower standard deviation means a lower difference in scores which implies that the mean value is more statistically reliable (Staplehurst and Ragsdell, 2010). 
To define the significance of the mean scores, a One-Sample t-test was employed. This method tests whether the mean value of one factor differs significantly from the hypothesized mean value. Its null hypothesis states that the “mean score is not statistically significant”, and similarly, the opposite hypothesis states that the “mean score is statistically significant”. Using typical values, the confidence level was set to be 95 percent, consequently, the p-value was 0.05. If the p-value is found to be lower than 0.05, then the null hypothesis must be rejected, and vice versa.   
[bookmark: _Toc165815180]3.3.4 One Sample t-test 
One sample t-test is a statistical tool used to check whether there is a statistically significant difference between the mean of a single sample and some known or hypothesized mean value. It is based on the standard deviation and analyzes the interval scores. The corresponding t-value is calculated using the formula:
		(3.5)
 – the sample mean,
µ – the hypothesized mean, 
s – the sample standard deviation and n – sample size.  
The resulting t-value is compared to the critical one and the significance is checked. In the research area, authors usually tend to use the calculation of p-value, which is more popular in these types of tests. The procedure is the same, The obtained p-value is compared to 0.05, and if the p-value is less than 0.05 then there is a statistically significant difference and vice versa (Ross & Wilson, 2017). For this study, One sample t-test was performed in Jamovi software. 
[bookmark: _Toc165815181]3.3.5 Kendall’s Coefficient of Concordance
The concordance test by Kendall, another valuable tool used in statistical analysis, is a non-parametric test that is aimed to define the agreement among multiple respondents when ranking the same set of data. Briefly, it shows the extent to which the responses of different participants agree with each other (Darko et al., 2017). The coefficient is presented as W and has a range from 0 to 1, with 0 being the “no agreement between respondents” and 1 as “perfect agreement between respondents”.
“No agreement between respondents” is set up as a null hypothesis and it is rejected if the obtained p-value is less than 0.001.
Given all responses, Kendall’s W coefficient can be computed via the formula (Siegel and Castellan 1988): 

		(3.6)
 – summation of the squared sum of ranks for the N factors,
k – total number of respondents,
 – correlation factor. 
[bookmark: _Toc165815182]3.3.6 Independent sample t-test 
Along with Kendall’s coefficient of concordance, it is possible to check the respondents’ degree of agreement based on the comparison of means’ statistical difference between groups of respondents. To perform this type of analysis, the Independent sample t-test technique can be employed. In the case of this study, many groups can be formulated according to the company type participants work for, their profession, and their experience in the construction industry. This test is used to check whether there is a statistically significant difference in responses among the participants.
[bookmark: _Toc165815183]3.4 Factor Analysis
Factor analysis is a statistical method that aims to reclassify the given variables into certain groups according to the common variances between them (Yong & Pearce, 2013). As Child (2006) gives his explanation of factor analysis, using mathematical manipulations, factor analysis is intended to simplify and define the correlations between variables to identify possible patterns. These latent correlations help to understand and explain the underlying concepts about the visible variables. Factor analysis consists of 4 main steps (Hair et al., 2010):
· Identification of the factors,
· Correlation matrix evaluation,
· Factor rotation,
· Grouping the factors.
Factor extraction is aimed at identifying the underlying factors by estimating the factor loadings (these explain the relationship between factors and variables). It has several methods like Unweighted least squares, Generalized least squares, Maximum likelihood, etc., but it was decided to use the Principal Component analysis. As factors are extracted, these must be rotated to obtain a more interpretable factor structure (Field, 2009). Factor rotation methods include Varimax, Equamax, Oblimin, Orthogonal rotation, etc., and this study has used the Varimax method. As rotation is finished, it is much easier to observe and gather the factors according to the appropriate components. Briefly, factor analysis is used to isolate and regroup the variables into separate groups concerning common components. 
The results of the factor analysis include:
1. Factor loadings
Value in a range of 0 to 1 which explains the degree of correlation of observed variable to construct (latent variable). A higher value means a stronger correlation and vice versa. The general threshold for the factor loadings is 0.5 or 0.6 according to different researchers. In the case of this study, it was decided to consider only factors having loadings higher than 0.6.
2. Eigenvalues
Eigenvalues represent the amount of variance explained by factors separately. It is usually accepted to consider only eigenvalues higher than 1. Based on the eigenvalues, number of components is defined. It is also preferred to have defined components to explain at least 60% of the total variance (Hair et al., 2024).
[bookmark: _Toc165815184]3.5 Structural Equation Modelling
Structural equation modeling (SEM) is a bunch of statistical tools/methods used for the identification and testing of relationships between independent/dependent/discrete/continuous variables of study (Ullman 2006). This method combines the application of factor analysis and different regression models. It is of high popularity in qualitative research since this method allows one to define and examine complex relationships between latent variables, unobservable, and ordinary observed variables. Thus, it is possible to analyze the theoretical models and conclude certain correlations between variables. For this study, the PLS-SEM method was used since it is more applicable for not normally distributed data.
The first step was to perform path analysis with corresponding statistical checks of reliability and validity. These were checked according to Cronbach’s Alpha, Composite Reliability (CR), Average variance extracted (AVE), and Heterotrait-Monotrait ratio (HTMT). 
Next, the theoretical structural model was evaluated in the SmartPLS. It can be done by analyzing the directions and powers of correlations between constructs. The software provides path coefficients, decimal numbers ranging from 0 to 1, to represent the extent to which the constructs are correlated (Hair et al., 2022). The higher the value of the path coefficient, then the stronger the correlation between the constructs, thus it is desired to obtain higher values. 
The bootstrapping technique is another method used in the SmartPLS to check the statistical significance of various results obtained from the statistical analysis. It creates subsamples with random observations with replacement from the original data set, and the model is evaluated for each of the subsamples (Hair et al., 2022). The procedure is repeated until a certain number of subsamples is created, for this study it was set to be 5000. The parametric estimates are also tested for the significance by calculation of standard errors which provides the t-values to check the significance (Becker et al., 2023). The main aim of the bootstrapping application is to obtain p-values and t-values of path coefficients between constructs since the former directly affects whether the hypothesized relationship would be rejected or not. If the obtained p-value is less than 0.05, then the significance is proved, and the correlation between constructs can be supported. Otherwise, if the p-value is higher than 0.05, then the relationship is rejected.  
To describe the relationship between components found from the factor analysis and latent variables, it was decided to apply the Higher–Order constructs (HOC) method in PLS-SEM. This method creates an additional layer of abstraction by adding a more abstract dimension (higher-order component) consisting of the subdimensions (lower-order components). It is of high popularity among researchers since it has several advantages including a reduction of the model’s complexity and a decrease of collinearity among variables (Sarstedt et al., 2019). In the case of this study, a reflective–reflective type of higher-order constructs was used, so a measurement model was performed based on the correlation weights technique.
















[bookmark: _Toc165815185]Chapter 4 – Results and Discussion
[bookmark: _Toc165815186]4.1 Introduction
Chapter 4 of the thesis represents the results of the survey and analysis done on the obtained data. The results of the survey were presented in two parts. The first part is general demographic questions which were intended to gather information from respondents about the company type they work for, their experience in construction and modular projects separately, etc. This part helped identify the background of the participants. The second part of the survey’s results was dedicated to the main questions related to the evaluation of the significance of certain Drivers, Challenges, Implementation Strategies, and Circular Economy aspects. The main part of the results was later analyzed using appropriate tools, software, and methods.
[bookmark: _Toc165815187]4.2 Background questions
The first part of the survey results starts with the question intended to define the participants’ company type they work for. They were given the choice of three types and an additional “Other” choice. Out of 97 responses, 66, 28, 2, and 1 stand for Developer company, Contractor Company, Consulting company, and Other respectively. Predictably, the majority of participants were from developer companies accounting for 68 percent, while 29 percent accounted for those working in contractor companies. The remaining 3 percent accounted for consultant companies and Others. Figure 4.1 demonstrates the distribution of the company types of respondents.

Figure 4.1. Distribution of company types participants work for
The next question of the survey was related to the construction project types which participant’s company specializes in. Respondents were given four choices of Residential buildings, Commercial buildings/Offices, Educational buildings, Industrial facilities and Other. This question was a multiple-choice type but tick all that apply question so participants could pick more than one option. From the results, Residential buildings were picked 90 times out of 97, Commercial buildings/Offices 84 times out of 97, Educational facilities 33 times out of 97, Industrial facilities 10 times out of 97, and Other was picked only once, being Oil plants (not appropriate for this research). 

Figure 4.2. Project participants’ companies specialize in
Question 3 of the survey was used to identify the professions of respondents. This question has a multiple choice and consist of four options: Engineer, Architect/Designer, Project Manager (PM) and Other (requires specification). Figure 10 demonstrates the distribution of the professions among participants of the survey. Obviously, the majority of the respondents are engineers (60 out of 97), followed by architects and designers (15 out of 97) and there were some project managers participating (7 out of 97). Remaining 15 responses have provided their occupation in the “Other” section. These consisted of 10 foremen and 5 estimators. Thus, Figure 10 was made up according to five options, “Other” was replaced with two in it.



Figure 4.3. Distribution of respondents’ professions
It was of high importance to define the work experiences of participants in the construction industry. That is why the next background question was a multiple-choice question giving respondents choose their work experience. According to the results, 45 out of 97 chose 1 – 5 years and 46 out of 97 chose 6 – 10 years. One respondent stated that he had no experience, hence his/her response was not considered. There were also five professionals with an experience of “11 – 15 years”. Later on, during the analysis, respondents of “6 – 10 years” and “11 – 15 years” were considered together as one “More than 5 years” experienced group. The distribution of responses can be observed in Figure 11.

Figure 4.4. Distribution of respondents’ experiences
The last question of the first part was related to specifically respondent’s experiences in modular construction. Given multiple-choice questions, the majority of the responses came from one option. Out of 97 respondents, 94 participants had an experience of 1 – 3 years. It was expected for the reason that modular construction is not a very popular method in Kazakhstan, and this is simultaneously, the reason why this research is done. For these results, it seemed to be reasonable not to draw a diagram showing distributions since 94 out of 97 responses relate to one choice.
[bookmark: _Toc165815188]4.3 Statistical Analysis and Evaluation
This part is related to the main body questions of the survey and the subsequent analysis of these results. This subsection of Chapter 4 provides the results of the analysis and evaluation of data obtained via the distribution of a survey. 
[bookmark: _Toc165815189]4.3.1 Reliability test – Cronbach’s Alpha
Cronbach’s Alpha test is used to identify and evaluate the reliability of the survey results. Overall, the Cronbach’s alpha calculated for all Likert scale questions together was found to be 0.910. This result implies the high internal consistency of the survey. Also, Drivers, Challenges, Implementation Strategies, and Circular Economy factor questions were tested separately. The results can be observed in the Table 4.1.
Table 4.1. Cronbach’s Alpha values
	Variables
	Content
	Cronbach’s Alpha value

	Total
	All
	0.910

	Drivers
	D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11

	0.695

	Challenges
	C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
	0.822

	Implementation Strategies
	IS1
IS2
IS3
IS4
IS5
IS6
IS7
IS8
IS9
IS10
IS11
IS12
	0.838

	Circular Economy aspects
	CE1
CE2
CE3
CE4
CE5
CE6
CE7
CE8
	0.647



As mentioned before, an adequate, generally acceptable Cronbach’s Alpha value is 0.7, however, there are two sets of questions that have shown a little less: Drivers with an Alpha of 0.695 and Circular Economy factors with 0.647. The first one can be taken into account since the difference from the acceptable value is 0.005 which is not so significant. The second set of questions has a much higher difference of almost 0.05. This can be explained by the fact that a number of questions has a significant effect on the calculation of Cronbach’s value since it computes consistency between questions (Reinhardt, 1991). Still, the overall internal consistency of the total questions is more than adequate. 
[bookmark: _Toc165815190] 4.3.2 Normality test – Shapiro-Wilk test
Shapiro-Wilk test has been employed to test whether the data of the survey is normally distributed or not. The null hypothesis has been set as “data is normally distributed”, however, the significance value of all questions is <0.001 which rejects the hypothesis; thus, the data is not normally distributed.
Table 4.2. Shapiro-Wilk test results
	Variables
	Statistic
	df
	Significance

	D1
	0.851
	97
	<0.001

	D2
	0.531
	97
	<0.001

	D3
	0.712
	97
	<0.001

	D4
	0.763
	97
	<0.001

	D5
	0.851
	97
	<0.001

	D6
	0.865
	97
	<0.001

	D7
	0.800
	97
	<0.001

	D8
	0.890
	97
	<0.001

	D9
	0.874
	97
	<0.001

	D10
	0.902
	97
	<0.001

	D11
	0.889
	97
	<0.001

	C1
	0.743
	97
	<0.001

	C2
	0.422
	97
	<0.001

	C3
	0.725
	97
	<0.001

	C4
	0.731
	97
	<0.001

	C5
	0.899
	97
	<0.001

	C6
	0.900
	97
	<0.001

	C7
	0.856
	97
	<0.001

	C8
	0.905
	97
	<0.001

	C9
	0.664
	97
	<0.001

	C10
	0.900
	97
	<0.001

	C11
	0.905
	97
	<0.001

	C12
	0.901
	97
	<0.001

	C13
	0.889
	97
	<0.001

	IS1
	0.879
	97
	<0.001

	IS2
	0.843
	97
	<0.001

	IS3
	0.821
	97
	<0.001

	IS4
	0.840
	97
	<0.001

	IS5
	0.855
	97
	<0.001

	IS6
	0.843
	97
	<0.001

	IS7
	0.834
	97
	<0.001

	IS8
	0.826
	97
	<0.001

	IS9
	0.872
	97
	<0.001

	IS10
	0.813
	97
	<0.001

	IS11
	0.801
	97
	<0.001

	IS12
	0.851
	97
	<0.001

	CE1
	0.871
	97
	<0.001

	CE2
	0.859
	97
	<0.001

	CE3
	0.574
	97
	<0.001

	CE4
	0.696
	97
	<0.001

	CE5
	0.712
	97
	<0.001

	CE6
	0.890
	97
	<0.001

	CE7
	0.700
	97
	<0.001

	CE8
	0.859
	97
	<0.001



The main aim of checking normality lies in the fact that depending on whether data is normally distributed or not, different statistical methods would be used further. Since this data set is not normally distributed, Kendall’s coefficient of concordance and Independent sample t-test must be conducted. 
[bookmark: _Toc165815191]4.3.3 Mean Score Ranking Technique
The criticality of certain factors affecting the adoption of Modular Construction aligning with the Circular Economy in Kazakhstan was assessed using the mean score ranking technique. Simply mean scores were calculated and ranked in ascending order. Rankings of the factors can be noticed below. 
Table 4.3. Ranking of Drivers for MC Adoption
	Drivers for MC adoption
	N
	Mean
	Std. Dev
	Ranking

	(D1) Higher cost-effectiveness
	97
	3.55
	0.85
	5

	(D2) Faster construction process
	97
	4.71
	0.61
	1

	(D3) Reduced amount of waste 
	97
	4.36
	0.83
	2

	(D4) Less resource (materials and equipment) consumption
	97
	3.77
	0.91
	3

	(D5) Higher quality performance
	97
	3.04
	0.91
	8

	(D6) Better quality control and supervision 
	97
	3.28
	0.92
	6

	(D7) Improved safety and working conditions 
	97
	3.73
	1.20
	4

	(D8) Less labor required
	97
	3.18
	1.16
	7

	(D9) Less noise distractions
	97
	2.86
	1.08
	9

	(D10) Less effect of weather conditions 
	97
	2.84
	1.24
	10

	(D11) Movement availability (modules can be separated from the foundation and moved to another site)
	97
	2.14
	1.63
	11



Table 4.4. One sample t-test for Drivers
	Drivers for MC adoption
	N
	Statistic t
	p-value
	Mean Diff.

	(D1) Higher cost-effectiveness
	97
	6.300
	< 0.001
	0.5417

	(D2) Faster construction process
	97
	27.555
	< 0.001
	1.7113

	(D3) Reduced amount of waste 
	97
	16.119
	< 0.001
	1.3608

	(D4) Less resource (materials and equipment) consumption
	97
	8.394
	< 0.001
	0.7732

	(D5) Higher quality performance
	97
	0.445
	0.657
	0.0412

	(D6) Better quality control and supervision 
	97
	2.976
	0.004
	0.2784

	(D7) Improved safety and working conditions 
	97
	5.990
	< 0.001
	0.7320

	(D8) Less labor required
	97
	1.483
	0.141
	0.1753

	(D9) Less noise distractions
	97
	-1.316
	0.191
	-0.1443

	(D10) Less effect of weather conditions 
	97
	-1.311
	0.193
	-0.1649

	(D11) Movement availability (modules can be separated from the foundation and moved to another site)
	97
	-5.161
	< 0.001
	-0.8557



The Mean and Standard deviation values of all Drivers for MC adoption can be observed in Table 4.3 and the results of the One sample t-test can be seen from Table 4.4. Based on these values, rankings were prepared. From the results, it can be noticed that the most significant Driver for MC adoption is D2 (Faster construction process) with a mean of 4.71 and a standard deviation of 0.61. As was expected from the literature review, a faster construction process was also noticed to be a very significant driver in MC adoption among foreign research authors. D3 (Reduced amount of waste) and D4 (Less resource (materials and equipment) consumption) were also found to have mean values of 4.36 and 3.77 with standard deviations of 0.83 and 0.91 respectively, which gives them second and third ranking in the list. It can be stated that these two are also significant drivers for MC adoption which could be considered. These drivers were also found to be statistically different from the hypothesized mean value of 3. Corresponding p-values are less than 0.05.  
“Movement availability” was ranked as the least significant Driver for MC adoption with a mean and standard deviation of 2.14 and 1.63 respectively.  
Overall, it can be seen that D2, D3, and D4 are the most significant drivers for MC adoption according to the respondents. 
Table 4.5. Ranking of Challenges for MC Adoption
	Challenges for MC adoption
	N
	Mean
	Std. Dev
	Ranking

	(C1) High capital cost
	97
	4.19
	1.00
	4

	(C2) Need for supportive equipment and lifting cranes
	97
	4.70
	0.82
	1

	(C3) Limited design flexibility
	97
	4.33
	0.87
	2

	(C4) Design restrictions caused by the module's sizes (traffic limitation)
	97
	4.24
	1.01
	3

	(C5) Lack of design codes and standards
	97
	3.25
	1.19
	7

	(C6) Lack of prefabricated components' suppliers
	97
	3.33
	1.09
	6

	C7) Lack of experienced labor
	97
	2.57
	1.06
	11

	(C8) Low awareness of construction method
	97
	2.99
	1.12
	8

	(C9) Logistical and transportation challenges
	97
	3.71
	0.88
	5

	(C10) More communication among stakeholders during construction
	97
	2.61
	1.19
	10

	(C11) Extra project planning
	97
	2.88
	1.27
	9

	(C12) Lack of governmental and regulatory incentives
	97
	2.35
	1.36
	12

	(C13) Restricted site space (lack of space for module storage and movement)
	97
	2.13
	1.52
	13



Table 4.6. One sample t-test for Challenges
	Challenges for MC adoption
	N
	Statistic t
	p-value
	Mean Diff.

	(C1) High capital cost
	97
	11.6366
	< 0.001
	1.1856

	(C2) Need for supportive equipment and lifting cranes
	97
	20.4657
	< 0.001
	1.7010

	(C3) Limited design flexibility
	97
	14.9749
	< 0.001
	1.3299

	(C4) Design restrictions caused by the module's sizes (traffic limitation)
	97
	12.0872
	< 0.001
	1.2371

	(C5) Lack of design codes and standards
	97
	2.0469
	0.043
	0.2474

	(C6) Lack of prefabricated components' suppliers
	97
	2.9889
	0.004
	0.3299

	C7) Lack of experienced labor
	97
	-4.0240
	< 0.001
	-0.4330

	(C8) Low awareness of construction method
	97
	-0.0904
	0.928
	-0.0103

	(C9) Logistical and transportation challenges
	97
	7.9841
	< 0.001
	0.7113

	(C10) More communication among stakeholders during construction
	97
	-3.2523
	0.002
	-0.3918

	(C11) Extra project planning
	97
	-0.9604
	0.339
	-0.1237

	(C12) Lack of governmental and regulatory incentives
	97
	-4.6966
	< 0.001
	-0.6495

	(C13) Restricted site space (lack of space for module storage and movement)
	97
	-5.6180
	< 0.001
	-0.8660



Table 4.5 represents the mean and standard deviation values for all Challenges for MC adoption, and according to these values, rankings were prepared. Table 4.6 represents the results of the One Sample t-test for Challenges. According to the results, having a mean of 4.70 and a standard deviation of 0.82, C2 (Need for supportive equipment and cranes) was evaluated as the most significant challenge for MC adoption by respondents. 
Other significant Challenges for MC adoption according to respondents are C3 (Limited design flexibility) and C4 (Design restrictions caused by the modules’ size (traffic limitation)) with mean and standard deviation values of 4.33 & 0.87 and 4.24 & 1.01 respectively. These variables are also significantly different from the hypothesized mean value of 3, having p-values less than 0.05. 
C13 (Restricted site space) was identified as the least significant Challenge for MC adoption with a mean of 2.13 and a standard deviation of 1.52. 
To sum up, it can be concluded that C2, C3, and C4 were assessed as the most significant challenges for MC adoption according to participants.  

Table 4.7. Ranking of Implementation strategies for MC adoption
	Implementation Strategies for MC Adoption
	Number
	Mean
	Std. Dev
	Ranking

	(IS1) Increasing general awareness about method and concept
	97
	3.40
	1.02
	6

	(IS2) Regular training on modular construction for employee
	97
	3.16
	1.09
	9

	(IS3) Funding support for research & development on the modular construction
	97
	3.97
	0.88
	2

	(IS4) Subsidies for modular projects
	97
	3.79
	1.02
	4

	(IS5) Priority lending and subsidized interest
	97
	3.39
	1.13
	7

	(IS6) Increasing loan amount and credit period
	97
	3.34
	1.22
	8

	(IS7) Use of locally available materials
	97
	1.80
	1.78
	12

	(IS8) Development of design codes, standards, and guidelines
	97
	4.01
	0.97
	1

	(IS9) Adopt recycling and reusing for materials
	97
	2.13
	1.71
	11

	(IS10) Application of Design for Disassembly approach
	97
	3.65
	0.96
	5

	(IS11) Adopt digital technologies like BIM
	97
	3.82
	1.06
	3

	(IS12) Gross floor area reward
	97
	2.66
	1.48
	10


	
Table 4.8. One sample t-test for Challenges
	Implementation Strategies for MC Adoption
	N
	Statistic t
	p-value
	Mean Diff.

	(IS1) Increasing general awareness about method and concept
	97
	3.89
	< 0.001
	0.402

	(IS2) Regular training on modular construction for employee
	97
	1.49
	0.138
	0.165

	(IS3) Funding support for research & development on the modular construction
	97
	10.80
	< 0.001
	0.969

	(IS4) Subsidies for modular projects
	97
	7.66
	< 0.001
	0.794

	(IS5) Priority lending and subsidized interest
	97
	3.41
	< 0.001
	0.392

	(IS6) Increasing loan amount and credit period
	97
	2.76
	0.007
	0.340

	(IS7) Use of locally available materials
	97
	-6.63
	< 0.001
	-1.196

	(IS8) Development of design codes, standards, and guidelines
	97
	10.22
	< 0.001
	1.010

	(IS9) Adopt recycling and reusing for materials
	97
	-5.00
	< 0.001
	-0.866

	(IS10) Application of Design for Disassembly approach
	97
	6.68
	< 0.001
	0.649

	(IS11) Adopt digital technologies like BIM
	97
	7.66
	< 0.001
	0.825

	(IS12) Gross floor area reward
	97
	-2.27
	0.026
	-0.340



Table 4.7 demonstrates the mean and standard deviation values for Implementation Strategies for MC adoption. Table 4.8 demonstrates the results of the one-sample t-test for IS. Considering these values, the ranking was made and can be noticed. So according to the respondents, the most significant Implementation Strategy for MC adoption is the IS8 (Development of design codes, standards, and guidelines) with a mean and standard deviation of 4.01 and 0.97 respectively. 
IS3 (Funding support for research & development on modular construction) and IS11 (Adopting digital technologies like BIM) have been assessed as the second and third most significant Implementation strategies for MC adoption with means and standard deviations of 3.97 & 0.88 and 3.82 & 1.06 respectively. From Table 4.8 it can be seen that these IS also show statistically significant differences from the hypothesized mean of 3. 
IS7 (Use of locally available materials) is the least significant Implementation strategy for MC adoption having a mean of 1.80 and a standard deviation of 1.78.
Briefly, IS8, IS3, and IS11 were found to be the most significant Implementation strategies for MC adoption.



Table 4.9. Ranking of Circular Economy Factors
	Circular Economy factors 
	Number
	Mean
	Std. Dev
	Ranking

	(CE1) Reuse of secondary materials
	97
	1.92
	1.63
	7

	(CE2) Recycle of materials
	97
	1.68
	1.56
	8

	(CE3) Reduction of waste
	97
	4.55
	0.87
	1

	(CE4) Lean production chain
	97
	4.14
	0.90
	3

	(CE5) Disassembly design
	97
	3.59
	0.92
	4

	(CE6) Low carbon dioxide CO2 emissions
	97
	3.25
	1.11
	5

	(CE7) Resource efficiency
	97
	4.24
	0.76
	2

	(CE8) Energy efficiency
	97
	2.23
	1.70
	6



Table 4.10. One sample t-test for Circular economy factors
	Circular Economy factors 
	N
	Statistic t
	p-value
	Mean Diff.

	(CE1) Reuse of secondary materials
	97
	-6.54
	< 0.001
	-1.082

	(CE2) Recycle of materials
	97
	-8.34
	< 0.001
	-1.320

	(CE3) Reduction of waste
	97
	17.58
	< 0.001
	1.546

	(CE4) Lean production chain
	97
	12.50
	< 0.001
	1.144

	(CE5) Disassembly design
	97
	6.28
	< 0.001
	0.588

	(CE6) Low carbon dioxide CO2 emissions
	97
	2.20
	0.030
	0.247

	(CE7) Resource efficiency
	97
	16.02
	< 0.001
	1.237

	(CE8) Energy efficiency
	97
	-4.47
	< 0.001
	-0.773


The last set of questions was related to Circular Economy factors that align with the MC adoption. Table 4.9 provides the results of descriptive analysis for these factors, and rankings can be seen. CE3 (Reduction of waste) was considered the most significant factor with a mean of 4.55 and a standard deviation of 0.87. CE7 (Resource efficiency) and CE4 (Lean production chain) were assessed as the second and third most significant circular economy factors with means and standard deviations of 4.24 & 4.14 and 0.76 & 0.90 respectively. From Table 4.10 results, it can be found that these CE factors also have shown statistically significant differences from the hypothesized mean of 3.  
The least significant Circular economy factor for MC adoption with a mean of 1.68 and standard deviation of 1.56 was CE2 (recycling of materials”). 
To conclude briefly, using the Mean Score Ranking technique, it was possible to identify the most significant Drivers, Challenges, and Implementation Strategies for MC adoption along with Circular Economy factors. The evaluation was based on the ranking of mean values according to the results of the survey:
The most significant Drivers for MC adoption:
· (D1) Faster construction process,
· (D3) Reduced amount of waste,
· (D4) Less resource (materials and equipment) consumption.
The most significant Challenges for MC adoption:
· (C2) Need for supportive equipment and cranes,
· (C3) Limited design flexibility,
· (C4) Design restrictions caused by the modules’ size (traffic limitation).
The most significant Implementation strategies for MC adoption:
· (IS8) Development of design codes, standards, and guidelines,
· (IS3) Funding support for research & development on modular construction,
· (IS11) Adopt digital technologies like BIM.
The most significant Circular Economy factors for MC adoption:
· (CE3) Reduction of waste
· (CE7) Resource efficiency
· (CE4) Lean production chain
[bookmark: _Toc165815192]4.3.4 Respondents degree of agreement – Kendall’s coefficient of Concordance W
Kendall’s W coefficient is calculated to evaluate the degree of agreement between respondents of the survey usually when dealing with Likert scale questions, where they rank various factors (Kendall and Babington Smith 1939). According to the results, Kendall’s W coefficient of concordance was found to be 0.375 which implies a relatively lower degree of agreement between respondents. It was also explored that the coefficient W was statistically significant. 
[bookmark: _Toc165815193]4.3.5 Statistical difference of groups – Independent sample t-test 
This test is done in SPSS, and the null hypothesis is set to be “there is a statistically significant difference between groups”. To check it, it is required to calculate the p-value and compare it with the significance level. If the p-value is less than 0.05 then the null hypothesis is rejected, meaning there is a statistically significant difference between groups and vice versa. 
4.3.5.1 Company type of respondents
The first group for comparison was made on the company type the respondents come from. Since out of 97 responses, 28 were from contractors and 66 from the developers, these two were chosen for analysis. Table 4.11 shows the results of Drivers’ means comparison based on company type.
A comparison of means was done using the independent sample t-test, whereas the p-value was computed according to the test.
Table 4.11. Comparison of Drivers’ means based on company type
	
	Contractor Company
	Developer company
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	D1
	3.64
	0.680
	4
	3.45
	0.898
	5
	0.19
	0.306

	D2
	4.54
	0.793
	1
	4.82
	0.461
	1
	0.28
	0.052

	D3
	4.29
	0.763
	2
	4.38
	0.873
	2
	0.09
	0.423

	D4
	3.64
	0.678
	3
	3.80
	0.980
	4
	0.16
	0.109

	D5
	3.00
	0.816
	8
	2.98
	0.903
	8
	0.02
	0.625

	D6
	3.25
	1.041
	6
	3.24
	0.842
	6
	0.01
	0.713

	D7
	3.36
	1.311
	5
	3.83
	1.131
	3
	0.47
	0.070

	D8
	3.21
	0.995
	7
	3.15
	1.231
	7
	0.06
	0.918

	D9
	2.71
	0.976
	11
	2.89
	1.083
	9
	0.18
	0.251

	D10
	2.96
	1.071
	9
	2.71
	1.274
	10
	0.25
	0.509

	D11
	2.75
	1.143
	10
	1.83
	1.715
	11
	0.92
	0.004*



The results demonstrate that there is no statistically significant difference between the results of the two groups, except D11 (Movement availability) which has a p-value < 0.05. The statistically significant difference between the opinions of groups “Contractor company” and “Developer company” might be explained by the fact that groups consider this driver from different points of view. Briefly, the developer company is more focused on the total project timeline, and the possibility of module movement in case of any circumstance might directly impact schedules and potentially save both time and money. From the contractor’s point of view, they might be more considerate of other aspects of the modules and corresponding work procedures like the module’s design, engineering communications between modules, and structural concerns.   
Table 4.12 was used to show how the respondents’ opinions regarding the Challenges for MC adoption differ between the same groups.
Table 4.12. Comparison of Challenges’ means based on company type
	
	Contractor Company
	Developer company
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	C1
	4.18
	0.723
	4
	4.24
	1.082
	4
	0.06
	0.257

	C2
	4.82
	0.548
	1
	4.71
	0.799
	1
	0.11
	0.410

	C3
	4.46
	0.693
	2
	4.32
	0.897
	2
	0.14
	0.535

	C4
	4.21
	0.917
	3
	4.29
	0.989
	3
	0.08
	0.593

	C5
	3.18
	0.905
	7
	3.33
	1.281
	6
	0.15
	0.207

	C6
	3.39
	0.916
	6
	3.29
	1.106
	7
	0.10
	0.832

	C7
	2.64
	1.062
	11
	2.55
	1.070
	11
	0.09
	0.820

	C8
	3.11
	0.994
	9
	2.98
	1.143
	8
	0.13
	0.781

	C9
	3.93
	0.766
	5
	3.68
	0.862
	5
	0.25
	0.146

	C10
	2.61
	0.832
	12
	2.68
	1.279
	10
	0.07
	0.454

	C11
	2.75
	1.041
	10
	2.95
	1.352
	9
	0.20
	0.384

	C12
	2.46
	0.922
	13
	2.30
	1.488
	12
	0.16
	0.911

	C13
	2.18
	1.156
	7
	2.06
	1.626
	13
	1.12
	0.783


It can be observed that there is no statistically significant difference in the results from the two groups since there are no p-values lower than 0.05 significance level. 
The next step was to analyze the results of Implementation Strategies from two groups. Table 4.13 can be used to view the results. 
Table 4.13. Comparison of IS means based on company type
	
	Contractor Company
	Developer company
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	IS1
	3.71
	0.763
	3
	3.27
	1.046
	8
	0.44
	0.040*

	IS2
	3.43
	0.742
	7
	3.03
	1.176
	9
	0.40
	0.047*

	IS3
	3.82
	0.863
	1
	4.03
	0.859
	2
	0.21
	0.170

	IS4
	3.79
	0.876
	2
	3.77
	1.078
	4
	0.02
	0.728

	IS5
	3.32
	0.905
	9
	3.36
	1.211
	6
	0.04
	0.686

	IS6
	3.36
	0.826
	8
	3.3
	1.336
	7
	0.06
	0.610

	IS7
	1.93
	1.654
	12
	1.68
	1.807
	12
	0.25
	0.449

	IS8
	3.68
	1.090
	5
	4.14
	0.910
	1
	0.46
	0.054

	IS9
	2.61
	1.370
	11
	1.85
	1.756
	11
	0.76
	0.044*

	IS10
	3.64
	0.826
	6
	3.68
	1.025
	5
	0.04
	0.583

	IS11
	3.71
	1.084
	3
	3.86
	1.065
	3
	0.15
	0.340

	IS12
	2.86
	1.297
	10
	2.52
	1.542
	10
	0.34
	0.300



There were three implementation strategies IS1, IS2, and IS9, which obtained a p-value < 0.05 which means that there is a statistically significant difference in the results of these questions between the two groups. The present statistically significant difference in IS1 (Increasing general awareness about the method) between contractors and developer companies might be caused because developer companies are more concerned about construction project success (feasibility, marketability). Increasing general awareness about Modular construction might create new opportunities for developer companies to differentiate the types of projects for customers. If MC is adopted as a good alternative method, it could create new demand-supply opportunities for developers. On the other hand, contractors are interested not in the differentiation of building projects, but in the execution of construction itself. The main aim is to ensure the quality and safety requirements of the project. 
Differences of opinions about IS2 (Regular training on modular construction for employees) seem to be beneficial for both groups, since professional, well-trained workers might have a higher efficiency which directly impacts the overall success of the project. The developer company might undoubtedly recognize it as a contribution to the MC adoption, however, the contractor company might not be very enthusiastic regarding the training for employees about MC since their work is related to the construction processes which might not need high knowledge about the method itself.   
Different views regarding IS9 (Adopting recycling and reusing for materials) might have been caused by the long-term effects of the construction processes. For developers, this IS might serve as a key to minimizing the long-term risks and effects related to resource consumption and waste. However, contractors might not be concerned regarding these effects, but consider the IS as something that can potentially create complexity for their work since they are probably used to traditional construction.  
Circular economy factors were analyzed. The results are provided in Table 4.14. 
Table 4.14. Comparison of CE means based on company type
	
	Contractor Company
	Developer company
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	CE1
	2.25
	1.531
	7
	1.68
	1.619
	7
	0.57
	0.101

	CE2
	1.96
	1.478
	8
	1.50
	1.562
	8
	0.46
	0.173

	CE3
	4.61
	0.629
	1
	4.59
	0.841
	1
	0.02
	0.757

	CE4
	4.07
	1.120
	3
	4.17
	0.796
	3
	0.10
	0.922

	CE5
	3.71
	0.763
	4
	3.58
	0.962
	4
	0.13
	0.882

	CE6
	2.93
	1.152
	5
	3.36
	1.017
	5
	0.43
	0.042*

	CE7
	4.18
	0.723
	2
	4.27
	0.775
	2
	0.09
	0.472

	CE8
	2.32
	1.492
	6
	2.11
	1.781
	6
	0.21
	0.733


All of the questions do not have a statistically significant difference between groups except CE6 (Low carbon dioxide CO2 emissions) which has a p-value less than the threshold.
CE6 can be viewed as a significant factor for any group of analysis, however, in this case, the difference might be explained by the existence of governmental standards for CO2 emissions from the overall construction project, which is generally more concerning for developer companies. Contractor companies doing custom work on the job site, might not be concerned about the amount of emissions, since they do not face any environmental requirements from the government, etc. 
Overall, according to the obtained p-values of the questions, there is no statistically significant difference in the results between the two groups of Contractors and Developers. However, there were some questions which have a statistically significant difference according to the test: D11, IS1, IS2, IS9, and CE6. 
4.3.5.2 Profession of the Respondents
The next group of respondents was made up according to their profession; thus, two groups were made up: Engineers (60) and Architects/Designers (15). The procedure remained the same, and a test was employed to check the significance level of the p-value. 
Table 4.15 shows the results of Drivers’ means comparison based on this group. 
Table 4.15. Comparison of Drivers’ means based on profession
	
	Engineer
	Architect/Designer
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	D1
	3.43
	0.890
	5
	3.8
	0.561
	3
	0.37
	0.090

	D2
	4.73
	0.634
	1
	4.8
	0.414
	1
	0.07
	0.977

	D3
	4.33
	0.896
	2
	4.47
	0.640
	2
	0.14
	0.752

	D4
	3.78
	0.904
	4
	3.8
	0.561
	3
	0.02
	0.746

	D5
	2.93
	0.972
	8
	3
	0.535
	8
	0.07
	0.649

	D6
	3.27
	0.899
	7
	3.4
	0.632
	6
	0.13
	0.493

	D7
	3.83
	1.028
	3
	3.6
	0.986
	5
	0.23
	0.321

	D8
	3.28
	1.106
	6
	3.2
	0.862
	7
	0.08
	0.708

	D9
	2.73
	1.023
	9
	2.8
	0.775
	9
	0.07
	0.655

	D10
	2.62
	1.250
	10
	2.67
	1.113
	10
	0.05
	0.797

	D11
	2.05
	1.672
	11
	2.2
	1.146
	11
	0.15
	0.790



According to the results, no questions have a statistically significant difference between groups as the p-value approves the null hypothesis.  
Challenges for MC adoption were analyzed the same way, and the results are in Table 4.16. 
Table 4.16. Comparison of Challenges’ means based on profession
	
	Engineer
	Architect/Designer
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	C1
	4,18
	1.112
	4
	4.33
	0.617
	4
	0.15
	0.95

	C2
	4.73
	0.778
	1
	5.00
	0.000
	1
	0.27
	0.09

	C3
	4.35
	0.899
	2
	4.60
	0.507
	2
	0.25
	0.42

	C4
	4.28
	1.010
	3
	4.47
	0.640
	3
	0.18
	0.74

	C5
	3.40
	1.251
	6
	3.27
	0.799
	8
	0.13
	0.32

	C6
	3.40
	1.138
	6
	3.40
	0.910
	6
	0.00
	0.84

	C7
	2.63
	1.057
	11
	2.73
	0.704
	9
	0.10
	0.47

	C8
	2.80
	1.132
	9
	3.33
	0.816
	7
	0.53
	0.07

	C9
	3.68
	0.965
	5
	4.13
	0.352
	5
	0.45
	0.06

	C10
	2.65
	1.313
	10
	2.20
	0.775
	12
	0.45
	0.08

	C11
	3.07
	1.413
	8
	2.20
	0.862
	11
	0.87
	0.01*

	C12
	2.22
	1.354
	13
	2.33
	1.291
	10
	0.12
	0.96

	C13
	2.25
	1.601
	12
	2.20
	1.146
	12
	0.05
	0.84


The results show that only C11 (Extra project planning) has a statistically significant difference in the responses of two groups with a p-value less than 0.05 threshold. All other questions have shown higher p-values, therefore accepting the null hypothesis. 
Found differences in opinions can be explained by the distinct differences between engineers’ and architects'/designers’ responsibilities. Engineers are responsible for ensuring and maintaining the performance and safety requirements of the project like structural stability, compliance with building codes and standards, etc., whereas another group is responsible for aesthetic requirements. Basically, engineers must identify possible risks and mitigate them, but architects/designers are not bothered by the technical aspects of the project. 
The next part was related to the Implementation strategies. Table 4.17 demonstrates the results of the analysis.
Table 4.17. Comparison of IS means based on profession
	
	Engineer
	Architect/Designer
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	IS1
	3.20
	1.117
	8
	3.60
	0.632
	5
	0.40
	0.147

	IS2
	3.13
	1.112
	9
	3.20
	0.775
	8
	0.07
	0.778

	IS3
	3.98
	0.911
	2
	3.80
	0.862
	2
	0.18
	0.340

	IS4
	3.80
	1.176
	3
	3.67
	0.617
	3
	0.13
	0.345

	IS5
	3.23
	1.267
	7
	3.27
	0.594
	7
	0.03
	0.779

	IS6
	3.28
	1.329
	6
	3.13
	0.516
	9
	0.15
	0.283

	IS7
	1.80
	1.774
	12
	1.47
	1.125
	12
	0.33
	0.696

	IS8
	4.08
	0.962
	1
	3.53
	1.187
	6
	0.55
	0.083

	IS9
	2.08
	1.670
	11
	2.13
	1.506
	11
	0.05
	0.859

	IS10
	3.62
	1.010
	5
	3.67
	0.816
	3
	0.05
	0.884

	IS11
	3.80
	1.038
	4
	4.00
	1.134
	1
	0.20
	0.398

	IS12
	2.63
	1.573
	10
	2.80
	0.862
	10
	0.17
	0.920



From Table 4.17 p-values of all IS questions can be observed. All of them are higher than 0.05 implying that the null hypothesis is accepted for all of them. 
Circular economy factors are the last set of questions in this section. Table 4.18 is shown to demonstrate the results for this set. 
Table 4.18. Comparison of CE means based on profession
	
	Engineer
	Architect/Designer
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	CE1
	1.97
	1.667
	7
	1.80
	1.424
	7
	0.17
	0.726

	CE2
	1.60
	1.554
	8
	1.80
	1.521
	8
	0.20
	0.682

	CE3
	4.43
	0.998
	1
	4.93
	0.258
	1
	0.50
	0.024*

	CE4
	3.98
	1.033
	3
	4.53
	0.516
	2
	0.55
	0.030*

	CE5
	3.55
	0.928
	4
	3.87
	0.516
	4
	0.32
	0.300

	CE6
	3.27
	1.205
	5
	2.93
	0.799
	5
	0.33
	0.085

	CE7
	4.28
	0.865
	2
	4.27
	0.594
	3
	0.02
	0.594

	CE8
	2.32
	1.662
	6
	1.93
	1.624
	6
	0.38
	0.390



There is a statistically significant difference in the responses regarding CE3 and CE4 since their p-values were 0.024 and 0.030 respectively, both < 0.05. All remaining questions have shown p-value > 0.05, meaning no statistically significant difference between groups regarding those questions. 
Engineers and architects/designers might have different opinions about CE3 (Reduction of waste) because engineers are more focused on providing the required safety and performance of the buildings, whereas architects/designers are more concerned about the incorporation of sustainable design components, styles, etc. 
CE4 (Lean production chain) is a factor that is more related to engineers rather than architects since the first group is directly related to the production chain of required materials and products like Modules. If a lean production chain is employed, like in Modular construction, blocks are prepared in the factory, then there is a strong belief that human error is minimized which is good for engineers who will accept these blocks to the job site.   
4.3.5.3 Experience of the Respondents
The last group of respondents was divided based on their experience in the construction industry. Two groups consisted of “Up to 5 years” and “More than 5 years”. In the case of this study, the “Up to 5 years” section included the “1 – 5 years of experience” group from the survey, meanwhile, “More than 5 years” was made up of two groups of “6 – 10 years” and “11 – 15 years”. Overall, the number of “Up to 5 years” and “More than 5 years” respondents are 45 and 51 respectively. Table 4.19 shows the comparison of Drivers’ means based on these groups. 
Table 4.19. Comparison of Drivers’ means based on experience
	
	Up to 5 years
	More than 5 years
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	D1
	3.47
	0.968
	5
	3.63
	0.747
	4
	0.16
	0.702

	D2
	4.73
	0.654
	1
	4.69
	0.583
	1
	0.05
	0.418

	D3
	4.49
	0.920
	2
	4.27
	0.723
	2
	0.21
	0.044*

	D4
	3.87
	0.869
	4
	3.71
	0.944
	3
	0.16
	0.257

	D5
	3.07
	1.074
	8
	3.02
	0.761
	9
	0.05
	0.496

	D6
	3.38
	0.834
	6
	3.18
	0.994
	6
	0.20
	0.283

	D7
	3.89
	0.959
	3
	3.59
	1.388
	5
	0.30
	0.474

	D8
	3.18
	1.029
	7
	3.16
	1.286
	7
	0.02. 
	0.834

	D9
	2.84
	1.147
	9
	2.86
	1.040
	10
	0.02
	0.846

	D10
	2.51
	1.375
	10
	3.10
	1.044
	8
	0.59
	0.012*

	D11
	2.00
	1.638
	11
	2.24
	1.632
	11
	0.24
	0.463



Based on the obtained p-values, D3 and D10 have a statistically significant difference in respondent’s opinions. All other questions have shown p-value > 0.05, thus, approving the null hypothesis. 
The statistically significant difference of opinions between the 2 groups regarding D3 (Reduction of waste) seems to be not very crucial since both groups perceive D3 very similarly having it ranked as 2nd among significance. Moreover, the p-value is not critically far from the threshold of 0.05. Both groups seem to view this driver the same. 
On the other hand, a difference of D10 (Less effect of weather conditions) can be explained since more experienced professionals have participated in more projects, which is why their understanding of weather conditions' effects and risks is much higher. 
Next, Challenges for MC adoption were tested on the statistically significant difference between respondents. Table 4.20 shows the results of the comparison of Challenges’ means based on these groups.
Table 4.20. Comparison of Challenges’ means based on experience
	
	Up to 5 years
	More than 5 years
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	C1
	4.27
	1.031
	3
	4.14
	0.980
	4
	0.13
	0.317

	C2
	4.69
	0.874
	1
	4.73
	0.777
	1
	0.04
	0.790

	C3
	4.36
	0.957
	2
	4.33
	0.792
	2
	0.02
	0.631

	C4
	4.27
	1.053
	3
	4.27
	0.874
	3
	0.01
	0.702

	C5
	3.62
	1.029
	6
	2.98
	1.175
	7
	0.64
	0.003*

	C6
	3.40
	1.095
	7
	3.33
	0.993
	6
	0.07
	0.765

	C7
	2.69
	0.973
	10
	2.51
	1.084
	11
	0.18
	0.410

	C8
	3.09
	1.062
	8
	2.96
	1.113
	9
	0.13
	0.580

	C9
	3.71
	0.895
	5
	3.78
	0.702
	5
	0.07
	0.797

	C10
	2.56
	1.307
	11
	2.71
	1.026
	10
	0.15
	0.942

	C11
	2.78
	1.444
	9
	2.98
	1.104
	7
	0.20
	0.645

	C12
	2.40
	1.529
	13
	2.35
	1.180
	12
	0.05
	0.697

	C13
	2.44
	1.470
	12
	1.90
	1.513
	13
	0.54
	0.058



Among 13 challenges for MC adoption, only one was found to show p-value < 0.05. Respondents’ opinions regarding the C5 have a statistically significant difference. 
The difference in C5 (Lack of design codes and standards) can be explained by the modern changes in the construction itself. More experienced, older professionals might get used to traditional methods of construction and rely more on experience, meanwhile less experienced fresh workers might be more concerned about following required standards and rules. 
Table 4.21 shows the results of the comparison of means for implementation strategies.
Table 4.21. Comparison of IS means based on experience
	
	Up to 5 years
	More than 5 years
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	IS1
	3.27
	1.156
	7
	3.53
	0.880
	6
	0.26
	0.424

	IS2
	3.09
	1.062
	9
	3.25
	1.111
	9
	0.17
	0.317

	IS3
	3.96
	0.928
	2
	4.02
	0.812
	1
	0.06
	0.943

	IS4
	3.78
	1.166
	5
	3.84
	0.857
	2
	0.07
	0.850

	IS5
	3.27
	1.388
	8
	3.53
	0.833
	6
	0.26
	0.738

	IS6
	3.36
	1.368
	6
	3.39
	0.981
	8
	0.04
	0.586

	IS7
	1.89
	1.837
	12
	1.71
	1.747
	12
	0.18
	0.600

	IS8
	4.29
	0.944
	1
	3.78
	0.945
	4
	0.50
	0.003*

	IS9
	2.09
	1.730
	11
	2.22
	1.689
	11
	0.13
	0.708

	IS10
	3.82
	0.886
	3
	3.57
	0.878
	5
	0.25
	0.081

	IS11
	3.80
	1.140
	4
	3.84
	1.007
	3
	0.04
	0.956

	IS12
	2.69
	1.607
	10
	2.67
	1.366
	10
	0.02
	0.743



Comparison of groups based on participants’ experience has shown that mostly they do not have statistically significant differences in opinions. However, IS8 is the only question with significant differences between groups. 
A statistically significant difference in responses to IS8 (Development of design codes, standards, and practices) is related to the previous explanation of the difference in C5 (Lack of design codes and standards). Fresh professionals might want to have strict codes and standards dedicated directly to MC, while more experienced professionals tend to rely more on their previous experiences and judgments. Still, both groups indicated that IS8 is an important factor.
The last set of questions involved Circular Economy factors. Table 4.22. is given to demonstrate the results of the comparison.
Table 4.22. Comparison of CE means based on experience
	
	Up to 5 years
	More than 5 years
	Dif. in means
	p-value

	Code
	Mean
	Std. Dev
	Rank
	Mean
	Std. Dev
	Rank
	
	

	CE1
	1.96
	1.595
	7
	1.90
	1.688
	7
	0.05
	0.707

	CE2
	1.60
	1.572
	8
	1.76
	1.570
	8
	0.16
	0.754

	CE3
	4.47
	1.036
	1
	4.65
	0.658
	1
	0.18
	0.494

	CE4
	4.11
	0.885
	3
	4.16
	0.925
	3
	0.05
	0.674

	CE5
	3.51
	1.036
	4
	3.69
	0.787
	4
	0.18
	0.626

	CE6
	3.33
	1.087
	5
	3.16
	1.138
	5
	0.18
	0.312

	CE7
	4.13
	0.894
	2
	4.33
	0.622
	2
	0.20
	0.330

	CE8
	2.07
	1.671
	6
	2.33
	1.740
	6
	0.27
	0.518



According to the results, based on p-values, there is no significant difference in the opinions of two groups of respondents since p-values do not exceed 0.05 significance level. 
[bookmark: _Toc165815194]4.4 Factor Analysis
Performing factor analysis basically consists of choosing two methods: method of analysis and method of rotation. It was decided to apply the Principal component analysis method and Varimax rotation in the Jamovi software.
Factor analysis usually starts with checking whether the data is appropriate for the analysis itself. This is done by calculating the Kaiser–Meyer–Olkin (KMO) Measure of Sampling Adequacy and performing Bartlett’s Test of Sphericity. For this study, drivers, challenges, implementation strategies, and circular economy factors were analyzed separately. For this reason, KMOs and loaded factors were calculated separately. 
[bookmark: _Toc165815195]4.4.1 Factor Analysis for Drivers
Firstly, drivers were analyzed for the KMO and Bartlett’s Test of Sphericity. The results can be seen in Table 4.23. Since drivers, challenges, implementation strategies, and circular economy factors are not correlated as initially planned, it would be more appropriate to analyze them separately. 
Table 4.23. KMO and Bartlett’s Test of Sphericity results for drivers
	KMO Measure of Sampling Adequacy
	0.550

	Bartlett’s Test of Sphericity
	Approx. Chi-Square
	216

	
	Significance
	<0.001



From the results, the KMO is 0.550, which is acceptable as many researchers state that the appropriate KMO value for performing factor analysis should not be less than ~ 0.5. The Chi-square was calculated as 216 and the corresponding p-value of <0.01 indicates the significance of the chi-square value.
Table 4.24. Drivers’ loadings among components
	Question Code
	Component

	
	1 
	2 
	3 
	4 

	(D1) Higher cost-effectiveness
	0.722
	
	
	

	(D5) Higher quality performance
	0.743
	
	
	

	(D6) Better quality control and supervision
	0.651
	
	
	

	Average
	0.705
	
	
	

	(D7) Improved safety and working conditions
	
	0.906
	
	

	(D8) Less labor required
	
	0.755
	
	

	Average
	
	0.830
	
	

	(D10) Less effect of weather conditions
	
	
	0.814
	

	(D11) Movement availability
	
	
	0.827
	

	Average
	
	
	0.820
	

	(D2) Faster construction process
	
	
	
	0.753

	(D3) Reduced amount of waste)
	
	
	
	0.716

	(D4) Less resource (materials and equipment) consumption
	
	
	
	0.712

	Average
	
	
	
	0.727



Table 4.25. Total Variance explained and eigenvalues
	Component
	Eigenvalue
	% of Variance
	Cumulative %

	1
	2.643
	26.43
	26.4

	2
	1.689
	16.89
	43.3

	3
	1.313
	13.13
	56.5

	4
	1.075
	10.75
	67.2

	5
	0.879
	8.79
	76.0

	6
	0.708
	7.08
	83.1

	7
	0.677
	6.77
	89.8

	8
	0.411
	4.11
	94.0

	9
	0.367
	3.67
	97.6

	10
	0.238
	2.38
	100.0



As the analysis was done, all variables showed their loading values to certain components. Among all drivers, D9 was not taken into account because it was factoring into 2 components simultaneously. Hence, drivers were regrouped together according to their correlation with factors. The results can be observed in Table 4.24.
All factor loadings show quite acceptable results according to the averages of loadings. All of the average values are higher than 0.5 which is adequate. Factors D7, D8 and D10, D11 show higher correlation with their components rather than D1, D5, D6 and D2, D3, D4 having 0.830, 0.820, 0.705 and 0.727 respectively. On the other hand, D10 and D11 have shown a relatively strong correlation to their corresponding components having loadings of 0.814 and 0.827 respectively. 
Table 4.25 represents another part of the results of factor analysis, and it provides information about the total variance explained by factors. Overall, there were 10 factors extracted, however, only 4 of them were considered since the minimum eigenvalue was set to be 1. These 4 together correspond to the total of 67.2% of the variance explained, and it is quite a decent number of results (Kahle & Malhotra 1994). The eigenvalues of 4 components are 2.643, 1.689, 1.313, and 1.075 respectively.
As a result, 11 drivers for MC adoption were divided into 4 groups according to the components, thus, the groups were called in the following way:
D1, D5 and D6 – Quality 
D2, D3 and D4 – Efficiency Practices
D7 and D8 – Workplace Safety
D10 and D11 – Flexibility 
[bookmark: _Toc165815196]4.4.2 Factor Analysis for Challenges
Table 4.26 demonstrates the results of KMO and Bartlett’s Test of sphericity for challenges for MC adoption. All options remained the same.  
Table 4.26. KMO and Bartlett’s Test of Sphericity results for challenges
	KMO Measure of Sampling Adequacy
	0.745

	Bartlett’s Test of Sphericity
	Approx. Chi-Square
	586

	
	Significance
	<0.001



KMO was found to have a value of 0.745 which is higher than the threshold of 0.5. The approximated chi-square value is 586 with corresponding p-value <0.001 which proves its significance.
Table 4.27. Challenges’ loadings among components
	Question Code
	Component

	
	1
	2
	3

	(C1) High capital cost
	0.772
	
	

	(C2) Need for supportive equipment and lifting cranes
	0.850
	
	

	(C3) Limited design flexibility
	0.771
	
	

	(C4) Design restrictions caused by the module's sizes (traffic limitation)
	0.756
	
	

	(C5) Lack of design codes and standards
	0.589
	
	

	(C9) Logistical and transportation challenges
	0.796
	
	

	Average
	0.755
	
	

	(C6) Lack of prefabricated components' suppliers
	
	0.669
	

	(C7) Lack of experienced labor
	
	0.871
	

	(C8) Low awareness of construction method
	
	0.761
	

	(C12) Lack of governmental and regulatory incentives
	
	0.590
	

	(C13) Restricted site space (lack of space for module storage and movement)
	
	0.605
	

	Average
	
	0.699
	

	(C10) More communication among stakeholders during construction
	
	
	0.827

	(C11) Extra project planning
	
	
	0.890

	Average
	
	
	0.858



Table 4.28. Total Variance explained and eigenvalues
	Component
	Eigenvalue
	% of Variance
	Cumulative %

	1
	4.494
	34.57
	34.6

	2
	2.491
	19.16
	53.7

	3
	1.364
	10.50
	64.2

	4
	0.917
	7.05
	71.3

	5
	0.803
	6.18
	77.4

	6
	0.610
	4.69
	82.1

	7
	0.542
	4.17
	86.3

	8
	0.473
	3.64
	89.9

	9
	0.411
	3.16
	93.1

	10
	0.307
	2.36
	95.5



Factor analysis results for challenges have shown that loadings of all factors (challenges) were higher than 0.5 thus all of them have remained in the analysis. All factors were grouped according to 3 components. The results of the analysis can be seen in Table 4.27. 
Almost all factors have shown moderate or strong correlations with their corresponding components. The average loadings for 3 components are as follows: 0.755 (C1 to C5 and C9), 0.699 (C6 to C8, C12, and C13) and 0.858 (C10 and C11) respectively. The last pair showed a comparatively high correlation to the component with a 0.858 average loading. All groups have average loadings lying in acceptable ranges. 
From Table 4.28, eigenvalues of components can be found. These are 4.494, 2.491, and 1.364 for 3 components respectively. The total variance explained by 3 components is 64.2% which is also a satisfactory result.
As challenges for MC adoption were grouped into 3 components, these were called correspondingly:
C1, C2, C3, C4, C5, C9 – Inflexibilities
C6, C7, C8, C12, C13 – Resource shortfalls
C10 and C11 – Cooperation 
[bookmark: _Toc165815197]4.4.3 Factor analysis for Implementation strategies  
The same procedure starts with the calculation of KMO and chi-square. Table 4.29 can be used to view the KMO and results of Bartlett’s test of sphericity. 
Table 4.29. KMO and Bartlett’s Test of Sphericity results for challenges
	KMO Measure of Sampling Adequacy
	0.707

	Bartlett’s Test of Sphericity
	Approx. Chi-Square
	544

	
	Significance
	<0.001



KMO was calculated to be 0.707 and chi-square was found to be 544. The significance of the chi-square is proved as the p-value is <0.001.
Table 4.30. Implementation strategies’ loadings among components
	Question Code
	Component

	
	1
	2
	3

	(IS1) Increasing general awareness about method and concept
	0.742
	
	

	(IS2) Regular training on modular construction for employee
	0.810
	
	

	(IS7) Use of locally available materials
	0.827
	
	

	(IS9) Adopt recycling and reusing for materials
	0.841
	
	

	(IS12) Gross floor area reward
	0.614
	
	

	Average
	0.767
	
	

	(IS4) Subsidies for modular projects
	
	0.735
	

	(IS5) Priority lending and subsidized interest
	
	0.915
	

	(IS6) Increasing loan amount and credit period
	
	0.857
	

	Average
	
	0.836
	

	(IS3) Funding support for research & development on the modular construction
	
	
	0.580

	(IS8) Development of design codes, standards, and guidelines
	
	
	0.765

	(IS10) Application of Design for Disassembly approach
	
	
	0.647

	(IS11) Adopt digital technologies like BIM
	
	
	0.743

	Average
	
	
	0.684



Table 4.31. Total Variance explained and eigenvalues
	Component
	Eigenvalue
	% of Variance
	Cumulative %

	1
	4.521
	37.676
	37.7

	2
	1.713
	14.279
	52.0

	3
	1.521
	12.677
	64.6

	4
	0.878
	7.316
	71.9

	5
	0.834
	6.949
	78.9

	6
	0.709
	5.910
	84.8

	7
	0.512
	4.264
	89.1

	8
	0.390
	3.252
	92.3

	9
	0.296
	2.469
	94.8

	10
	0.285
	2.379
	97.2

	11
	0.232
	1.937
	99.1

	12
	0.107
	0.892
	100.0



Table 4.30 provides the results of factor analysis for implementation strategies proposed in the survey. All factors have exceeded the limit of 0.5 loadings; hence all were considered for the analysis. Factors were grouped into 3 components: IS1, IS2, IS7, IS9 and IS12; IS4 to IS6, and IS3, IS8, IS10, IS11. Average factor loadings were 0.767, 0.836, and 0.684 respectively. Average values for 3 components are acceptable.
The total variance explained by components was shown using Table 4.31 As it can be noticed, 3  components sum up for 64.6% of the total variance explained. Eigenvalues of them are 4.521, 1.713, and 1.521 respectively.
As implementation strategies for MC adoption were grouped into 3 components, the groups were named:
IS1, IS2, IS7, IS9 and IS12 – Awareness initiatives
IS4, IS5 and IS6 – Financial aid 
IS3, IS8, IS10 and IS11 – Innovations 
[bookmark: _Toc165815198]4.4.4 Factor analysis for Circular economy factors  
Table 4.32 demonstrates the results of the KMO calculation and Bartlett’s test of sphericity. As it is noticed, KMO was found to be a little higher than 0.6 as 0.622 but still acceptable. Bartlett’s test of sphericity has shown a chi-square of 356 with a p-value < 0.001 showing that the former is significant.



Table 4.32. KMO and Bartlett’s Test of Sphericity results for challenges
	KMO Measure of Sampling Adequacy
	0.622

	Bartlett’s Test of Sphericity
	Approx. Chi-Square
	356

	
	Significance
	<0.001



Table 4.33. Circular economy’s loadings among components
	Question Code
	Component

	
	1
	2

	(CE3) Reduction of waste
	0.813
	

	(CE4) Lean production chain
	0.660
	

	(CE5) Disassembly design
	0.626
	

	(CE6) Low carbon dioxide CO2 emissions
	0.734
	

	(CE7) Resource efficiency
	0.837
	

	Average
	0.734
	

	(CE1) Reuse of secondary materials
	
	0.920

	(CE2) Recycle of materials
	
	0.937

	(CE8) Energy efficiency
	
	0.751

	Average
	
	0.869



Table 4.34. Total Variance explained and eigenvalues
	Component
	Eigenvalue
	% of Variance
	Cumulative %

	1
	2.7837
	34.80
	34.8

	2
	2.3134
	28.92
	63.7

	3
	0.8530
	10.66
	74.4

	4
	0.6908
	8.64
	83.0

	5
	0.5599
	7.00
	90.0

	6
	0.4369
	5.46
	95.5

	7
	0.2804
	3.51
	99.0

	8
	0.0820
	1.02
	100.0



The results of factor analysis for circular economy factors can be observed from Table 4.33 The circular economy factors were divided into 2 groups as correlated with 2 components. CE3 to CE7 are correlated with component 1 and have acceptable loading values > 0.5. The average for this component is 0.734 which is a good result. CE1, CE2, and CE8 are correlated with the component 2. The average of these is much higher – 0.869. Also, CE1 and CE2 have very high loading values of 0.920 and 0.937 respectively, corresponding to a very strong correlation with the component. 
Table 4.34 describes the total variance explained by components and it can be seen that 2 components constitute 63.7% of the total variance, which is reasonable. Eigenvalues can also be found as 2.784 and 2.313 respectively. 
Components of circular economy factors were named the following way:
CE1, CE2 and CE8 – Resource optimization
CE3, CE4, CE5, CE6 and CE7 – Sustainable practices  
[bookmark: _Toc165815199]4.5 Structural Equation Modelling – SEM
[bookmark: _Toc165815200]4.5.1 Statistical checks 
All work related to SEM and further analysis was performed using the SmartPLS software. First of all, a measurement model was prepared to analyze the relationships between latent variables and corresponding indicators. Subchapter 4.4 has provided the results of the factor analysis, therefore identified factors and components were used in SmartPLS also. This study has approached the application of high–order constructs in PLS-SEM.
Figure 12 represents the path model used in this study. Blue figures represent latent variables, and yellow ones stand for indicators. Next, Figure 13 demonstrates the same path model but with all required coefficients indicated.  
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Figure 4.5.Path Model
From the theoretical model, certain hypotheses were prepared: 
H1 → Drivers positively affect the Circular Economy Factors,
H2 → Drivers positively affect the Implementation strategies for MC adoption,
H3 → Implementation strategies positively affect the Challenges for MC adoption,
H4 → Implementation strategies positively affect the Circular Economy Factors,
H5 → Challenges negatively affect the Circular Economy Factors. 
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Figure 4.6. Path Model with all required coefficients
First of all, it was crucial to examine the Reliability based on Cronbach’s Alpha, Validity, Average Variance Extracted (AVE) based on Composite reliability (CR), and Discriminant Validity based on the Heterotrait-monotrait ratio (HTMT) and Collinearity Statistics. According to the collinearity statistics, it would be possible to find whether some variables had approximately the same results, thus their collinearity. 
Tables 4.35, 4.36, 4.37, and 4.38 show the results of statistical checks for the given model of Drivers, Challenges, Implementation Strategies, and Circular economy factors respectively. Some of the indicators were deleted from the analysis for not meeting the threshold requirements.
Table 4.35. Reliability and Validity Checks for Drivers
	Construct
	Indicators
	Factor Loading
	Cronbach’s Alpha
	CR
	AVE

	Drivers
	-
	-
	0.737
	0.811
	0.334

	Efficiency practices
	D3
	0.883
	-
	-
	-

	
	D4
	0.774
	
	
	

	Quality
	D5
	0.891
	-
	-
	-

	
	D6
	0.901
	
	
	

	Workplace Safety 
	D7
	0.864
	-
	-
	-

	
	D8
	0.898
	
	
	

	Flexibility
	D9
	0.804
	-
	-
	-

	
	D10
	0.774
	
	
	

	
	D11
	0.720
	
	
	


Note: D1 (Higher cost-effectiveness) and D2 (Faster construction process) have been removed from the SEM analysis since their loading values did not meet the threshold requirement (less than 0.6). 

Table 4.36. Reliability and Validity Checks for Challenges
	Construct
	Indicators
	Factor Loading
	Cronbach’s Alpha
	CR
	AVE

	Challenges
	-
	-
	0.836
	0.866
	0.336

	Inflexibilities
	C1
	0.682
	-
	-
	-

	
	C2
	0.851
	
	
	

	
	C3
	0.817
	
	
	

	
	C4
	0.818
	
	
	

	
	C5
	0.641
	
	
	

	
	C9
	0.791
	
	
	

	Resource shortfalls
	C6
	0.715
	
	
	

	
	C7
	0.848
	-
	-
	-

	
	C8
	0.767
	
	
	

	
	C12
	0.685
	
	
	

	
	C13
	0.646
	
	
	

	Cooperation
	C10
	0.934
	-
	-
	-

	
	C11
	0.921
	
	
	



Table 4.37. Reliability and Validity checks for Implementation strategies
	Construct
	Indicators
	Factor Loading
	Cronbach’s Alpha
	CR
	AVE

	Implementation strategies
	-
	-
	0.842
	0.874
	0.376

	Awareness initiatives
	IS1
	0.765
	-
	-
	-

	
	IS2
	0.845
	
	
	

	
	IS7
	0.833
	
	
	

	
	IS9
	0.847
	
	
	

	
	IS12
	0.677
	
	
	

	Financial aid
	IS4
	0.792
	-
	-
	-

	
	IS5
	0.936
	
	
	

	
	IS6
	0.889
	
	
	

	Innovations
	IS3
	0.774
	-
	-
	-

	
	IS8
	0.768
	
	
	

	
	IS10
	0.680
	
	
	

	
	IS11
	0.621
	
	
	



Table 4.38. Reliability and Validity checks for Circular economy factors
	Construct
	Indicators
	Factor Loading
	Cronbach’s Alpha
	CR
	AVE

	CE factors
	-
	-
	0.675
	0.745
	0.293

	Resource optimization
	CE1
	0.912
	-
	-
	-

	
	CE2
	0.940
	
	
	

	
	CE8
	0.769
	
	
	

	Sustainable practices
	CE3
	0.772
	-
	-
	-

	
	CE4
	0.761
	
	
	

	
	CE6
	0.765
	
	
	

	
	CE7
	0.810
	
	
	


Note: CE5 (Disassembly design) was removed from the SEM analysis since its loading values did not meet the threshold requirement (less than 0.6). 

As can be seen, 4 tables were used to demonstrate the results of reliability and validity checks. Before SEM, variables were analyzed using Factor Analysis in Jamovi, and these results were used to construct the model. 
According to the results, the model has acceptable statistical values of Cronbach Alpha and CR which means that the model is reliable and valid. The threshold for Cronbach Alpha was taken as 0.7, CR value as 0.7 according to Hair et al. (2022, 2024). The circular economy factors construct has only Cronbach’s Alpha less than 0.7 at the value of 0.675. This fact can be explained by several indicators that directly affect the calculation of Cronbach’s Alpha, moreover, it does not deviate from the threshold significantly (3% deviation).
However, values of AVE for all constructs do not meet the threshold requirement of 0.5. This can be explained by the fact that the analysis applied the HOC method. It is usual practice that when using HOC, AVE tends to be comparatively low. It might occur due to aggregation of the variance when second-order constructs (D, C, IS, and CE F) gather the variance from lower–order components. Thus, a lower AVE value results from the confusion of the variance explained by the second-order constructs relative to the total variance of all indicators. For this reason, lower AVE values can be neglected. 
Another test was used to check whether there is an overlapping between the constructs of the model. It was checked using the Heterotrait-monotrait ratio (HTMT). Table 4.39 can be employed to see the results:




Table 4.39. Discriminant validities and correlations from the HTMT test
	 
	AI
	C
	EP
	FA
	F
	IF
	I
	Q
	RO
	RS
	SP
	WS

	AI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	C
	0.502
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	EP
	0.215
	0.209
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	FA
	0.491
	0.113
	0.499
	 
	 
	 
	 
	 
	 
	 
	 
	 

	F
	0.858
	0.527
	0.224
	0.389
	 
	 
	 
	 
	 
	 
	 
	 

	IF
	0.237
	0.281
	0.674
	0.208
	0.189
	 
	 
	 
	 
	 
	 
	 

	I
	0.450
	0.513
	0.838
	0.463
	0.440
	0.517
	 
	 
	 
	 
	 
	 

	Q
	0.597
	0.183
	0.308
	0.412
	0.621
	0.191
	0.344
	 
	 
	 
	 
	 

	RO
	0.908
	0.283
	0.089
	0.329
	0.742
	0.278
	0.280
	0.601
	 
	 
	 
	 

	RS
	0.777
	0.485
	0.399
	0.551
	0.614
	0.387
	0.533
	0.517
	0.566
	 
	 
	 

	SP
	0.230
	0.261
	0.859
	0.276
	0.253
	0.543
	0.850
	0.308
	0.157
	0.199
	 
	 

	WS
	0.364
	0.147
	0.338
	0.263
	0.513
	0.237
	0.647
	0.425
	0.332
	0.436
	0.350
	 



Note: AI – awareness initiatives, C – cooperation, EP – efficiency practices, FA – financial aid, F – flexibility, IF – inflexibility, I – innovations, Q – quality, RO – resource optimization, RS – resource shortfalls, SP – sustainable practices, WS – workplace safety.

The results of HTMT testing show quite adequate results with almost all values not exceeding the general threshold of 0.90 (Hair et al., 2022). There was only 1 relationship which has shown high overlapping between constructs, and even though, it exceeded the threshold not significantly (0.908). However, all other statistical checks were found to be acceptable, so it was decided to keep it as it was. Briefly, overall results do not show any significant overlapping. 
[bookmark: _Toc165815201]4.6 Structural Model Evaluation
The next step of the analysis was checking the model’s predictive accuracy. To achieve this aim, the bootstrapping technique was used in SmartPLS. Connections (Paths) between latent variables (constructs) were analyzed using this tool and certain results came out. Using this technique, hypotheses regarding the relationships between constructs were tested. The accuracy of the model was tested using the R2 value. It represents the sum of variation, and it describes the predictive capability of the structural model; a higher value corresponds to a higher model accuracy (Olanrewaju et al., 2021). R2 values of constructs are shown in the Table 4.40:
Table 4.40. R2 of constructs
	Construct
	R2

	Implementation strategies 
	0.484

	Challenges
	0.329

	Circular Economy Factors
	0.579



According to Ringle et al. (2021), R2 values higher than 0.13 are moderate, and those higher than 0.26 are acceptable. From the results, it can be seen that all values are in an acceptable range. 
Table 4.41. Relationship’s prediction via path coefficients
	Hypothesized path 
	Path coefficient
	p-value
	t-value
	Conclusion

	Drivers → Circular Economy Factors
	0.286
	0.121
	1.552
	Rejected

	Drivers →  Implementation strategies
	0.696
	0.000
	8.004
	Not Rejected

	Implementation strategies → Circular Economy Factors
	0.589
	0.033
	2.128
	Not Rejected

	Implementation strategies → Challenges
	0.574
	0.020
	2.321
	Not Rejected

	Challenges → Circular Economy Factors
	-0.099
	0.716
	0.364
	Rejected



Table 4.41 shows the results of bootstrapping, and path coefficients with required p-values are obtained. From these results, it can be summed up that out of 5 hypotheses, 3 were accepted and 2 were rejected. Paths Drivers → Circular Economy Factors and Challenges → Circular Economy Factors had p-values higher than the threshold of 0.05, thus, these were rejected. However, paths Drivers → Implementation strategies, Implementation strategies → Circular Economy Factors and Implementation strategies → Challenges were accepted having relatively high path coefficients of 0.692, 0.589, and 0.574 respectively. The corresponding p-values were all less than 0.05 which proves the significance of the results.
Drivers → Implementation strategies path stated that Driver’s indicators have an impact on the IS for the adoption, Path Implementation strategies → Challenges has stated that IS had a certain impact on Challenges for the adoption. Finally, path Implementation strategies → Circular Economy Factors have stated that IS affected Circular economy factors. These were supported by the results of the PLS-SEM analysis.
[bookmark: _Toc165815202]4.7 Discussion 
[bookmark: _Toc165815203]4.7.1 First part of the work
As the survey was distributed among the participants, and the results came out, certain statistical tools and techniques played a crucial role in the analysis of the obtained data. Statistical analysis tools provided a comprehensive explanation of the results and helped to understand the opinions of the construction professionals.  
The first step in the statistical analysis was the SPSS program. It was used to test reliability via Cronbach’s Alpha and Normality based on the Shapiro-Wilk test. The results have shown high internal consistency of the data. Corresponding Cronbach’s Alpha was found to be 0.910. Shapiro-Wilk test has demonstrated the non-normal distribution of the data, which has influenced the choice of future testing. It was based on assessing the obtained p-value on a threshold of 0.05. Next, Kendall’s W concordance test was used to test the degree of agreement between respondents. The result of Kendall’s W has indicated a relatively lower degree of agreement of 0.375 between participants, but this value was statistically significant based on the p-value. Further, using the Independent sample t-test, it was possible to check whether there is a statistically significant difference between groups of respondents based on the company type they work for, their profession, and corresponding experience in the construction industry. Some minor differences between the responses of the group were found, however general picture did not show significant differences among groups. 
Moreover, the mean and standard deviation of the responses were calculated which led to mean score ranking which helped to prepare lists of the most significant factors. These can be noticed below:
The most significant Drivers for MC adoption:
· (D1) Faster construction process,
· (D3) Reduced amount of waste,
· (D4) Less resource (materials and equipment) consumption.
This study has found that the Faster construction process is the most significant driver for MC adoption according to Kazakhstan professionals. Kisi et al. (2019) have also concluded that the Reduced construction time (fewer labor hours of construction) was the most significant opportunity in MC in the Nepalese construction industry. The results of Pan et al. (2023) research also found that faster construction was assessed as one of the 3 most significant drivers for MC adoption in Hong Kong. Additionally, other Hong Kong experience also supports the fact that Reduced amount of waste is one of the great features of MC since according to the research done by Jailon et al. (2009), MC reduced up to 52% of waste in Hong Kong construction industry. 
The most significant Challenges for MC adoption:
· (C2) Need for supportive equipment and cranes,
· (C3) Limited design flexibility,
· (C4) Design restrictions caused by the modules’ size (traffic limitation).
Limited design flexibility was found to be a significant challenge for MC adoption not only in the Kazakhstan case. As Zhai et al. (2014) claim, limited design flexibility seriously complicates the ability to handle even minor design changes and onsite modifications in China. Abdul Nabi & El-Adaway (2021) also found that among 50 potential modular risk factors, transportation costs were assessed in the top 10 most critical ones. As Khan et al. (2022) claim, transportation restrictions caused by the size of the module are one of the key logistics limitations that must be resolved for a successful MC project. The results of the research by Zhang et al. (2024) also showed that increased equipment costs for powerful lifting are a significant concern about MC adoption in Hong Kong. 
The most significant Implementation strategies for MC adoption:
· (IS8) Development of design codes, standards, and guidelines,
· (IS3) Funding support for research & development on modular construction,
· (IS11) Adopt digital technologies like BIM.
MC is very different from the conventional way of construction, this is why there is a need to develop separate design codes, standards, and guidelines for MC. As Akinradewo et al. (2021) claim, the government must be responsible for promoting the MC by establishing research and development practices about the MC. As a result, liable R&D parties would significantly contribute to the formulation of standards, guidelines, etc. Shin et al. (2022) also propose that improved performance levels of modular projects can be achieved by investments in R&D activities. A study by Zhang et al. (2024) has also indicated the high significance of the development of MC-related codes and standards. Moreover, the results of this research have revealed that enhancement of R&D facilities about MC would be an important strategy. Ribeiro et al. (2022) conducting a similar research study in Portugal have also proposed a list of mitigation measures which included increasing R&D levels and development of codes and standards for MC. Besides, the same study has concluded that digital tools like BIM could be employed to improve communication between stakeholders. 
The most significant Circular Economy factors for MC adoption:
· (CE3) Reduction of waste
· (CE7) Resource efficiency
· (CE4) Lean production chain
Reduction of waste, resource efficiency, and lean production chain were found to be the crucial factors of MC. According to Nahmens and Ikuma (2012), the lean production approach is a great facilitator for improving the project workplace safety, since the whole manufacturing procedure is done in a controlled factory, and sustainability, since it significantly reduces the amount of waste. Resource efficiency is also considered to be an important circular economy factor of MC. As Iacovidou et al. (2021) state, the adoption of MC can lead to around 35-45% of steel savings. Overall, it is believed that the adoption of MC should go together with the circular economy principles since both are highly correlated (Khan et al., 2022). 
[bookmark: _Toc165815204]4.7.2 Second part of the work
The second major step was the application of Factor Analysis for drivers, challenges, implementation strategies, and circular economy factors. Factor analysis aimed to test whether any latent, not observable factors could group variables based on the variance explained by them. Drivers, Challenges, Implementation Strategies, and Circular economy factors were tested separately from each other. The results have indicated that drivers were factored by 4 components, challenges by 3 components, implementation strategies by 3 components, and circular economy factors by 2 components; this information was used for the next step of analysis in this study:
Drivers were divided into 4 components:
· Quality
· Efficiency Practices
· Workplace Safety
· Flexibility 
Challenges were divided into 3 components:
· Inflexibilities
· Resource shortfalls
· Cooperation
Implementation strategies were divided into 3 components:
· Awareness initiatives
· Financial aid 
· Innovations 
Circular economy factors were divided into 2 components:
· Resource optimization
· Sustainable practices
Structural equation modeling, SEM, the final step of the analysis, was done using SmartPLS software. It was employed to check the realness of proposed relationships between constructs and to approve or reject suggested hypotheses. It calculated path coefficients between the constructs, so relationships between these could be assessed. As the theoretical model was created, statistical checks were also performed to assess the reliability and validity of the model. The results have shown that the model is reliable and valid according to Cronbach’s Alpha, CR, and HTMT criterion with corresponding p-values respectively. SmartPLS has analyzed the given model and according to its number of interpretations, it was possible to conclude that out of 5 hypotheses, 3 were accepted and 2 rejected. Therefore, path Drivers → Implementation strategies having corresponding path coefficients of 0.692 and p-value < 0.05, were found to be statistically significant. Path Implementation strategies → Challenges were also supported by the coefficient of 0.574 and p-value <0.05. At the same time, the path coefficient and corresponding p-value of path Implementation strategies → Circular Economy Factors were 0.589 and < 0.05 respectively which support the relationship of these constructs. Two paths, Drivers → Implementation strategies and Challenges → Circular Economy Factors were rejected since they were not statistically significant. 
The application of these statistical tools has played a crucial role in understanding and analysis of the present data. These provided an opportunity to correctly assess the opinions to prepare appropriate results and make certain conclusions about the respondents’ concerns and views regarding existing drivers and challenges for the adoption of modular construction in Kazakhstan. It also helped to analyze respondents’ beliefs about the proposed implementation strategies to identify the direction the construction industry must look for in the future. Another concern was to examine the general level of understanding of sustainability from construction industry professionals. Since Kazakhstan is a developing country struggling with the adoption of new technologies, it was of high importance to inspect the situation from a professional’s point of view. For example, SmartPLS has tested the collinearity statistics among indicators (variables) of the model, at it found that CE1 (Reuse of secondary materials) and CE2 (Recycle of materials) were almost perfectly collinear having values of 5.053 and 5.619 respectively. A high collinearity value could imply that respondents do not understand the difference between variables and rate them approximately the same. This can potentially be explained by the low awareness of respondents about the circular economy and its principles not only in Kazakhstan but most developing countries (Ngan et al., 2019). According to the results of a questionnaire study conducted by Torgautov et al. (2021), half of the participants were completely not aware of the circular economy and its principles, whereas the second half had very little to moderate knowledge about the concept. Having no understanding of the most basic attributes of a concept means that there is a considerable lack of awareness and knowledge of it among professionals. Foreign research results show that the general level of awareness in Portugal about CE is very high, for example, according to Klein et al. (2022), 71% of survey respondents in their study have indicated that the term CE is frequently used in their organizations with emphasis on reuse and recycle. Choi et al. (2016) have stated it is crucial to have well-trained specialists to successfully manage modular projects. Awareness and knowledge of professionals about CE principles and factors at any construction stage are inevitable for the integration of CE in modular construction (Norouzi et al., 2021 Wuni & Shen, 2020). Regarding the CE principles, as Kyro et al. (2019) suggested, professionalism and a certain knowledge level of specialists are required since they must understand how different choices of materials, processes, etc. might contribute to the environmental effects of the construction stage.
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[bookmark: _Toc165815206]5.1 Conclusions 
Modular construction has shown its prominent potential in addressing sustainability issues in developed and other developing countries worldwide. Compared to traditional construction, MC has some environmental and economic benefits and possesses a great correlation with the circular economy principles and practices of reuse, recycle, and reduce. Thus, this study has aimed to research the topic of modular construction in Kazakhstan and check the circular economy awareness of professionals. This was supposed to be done using the questionnaire survey to evaluate the Drivers, Challenges, and proposed Implementation strategies for MC adoption. Moreover, it was necessary to identify whether circular economy principles were perceived as features of MC in Kazakhstan. The main part of the analysis included PLS-SEM analysis. PLS-SEM was employed to find any underlying concepts or latent relationships between the constructs and variables. Thus, proposed hypotheses were checked, and out of 5, 3 were supported. 
This research study has several theoretical and practical implications regarding the current situation of MC and CE in Kazakhstan. The findings of the study have identified the most significant drivers, challenges, and implementation strategies for MC adoption; moreover, the study has outlined circular economy factors employed in MC according to the opinions of construction professionals:
The most significant Drivers for MC adoption:
· Faster construction process,
· Reduced amount of waste,
· Less resource (materials and equipment) consumption.
The most significant Challenges for MC adoption:
· Need for supportive equipment and cranes,
· Limited design flexibility,
· Design restrictions caused by the modules’ size (traffic limitation).
The most significant Implementation strategies for MC adoption:
· Development of design codes, standards, and guidelines,
· Funding support for research & development on modular construction,
· Adopt digital technologies like BIM.
The most significant Circular Economy factors for MC adoption:
· Reduction of waste
· Resource efficiency
· Lean production chain
This study also shows that there is a high need to increase the awareness of circular economy principles and methods, if sustainability aims are approached. From the results, it was found that the opinions regarding some CE factors, namely, Reuse of Secondary Materials and Recycle of Materials, were almost perfectly collinear meaning that it is highly possible that professionals simply do not realize the difference between the variables itself.
Considering the theoretical implications of the study, the results contribute to the existing literature showing resemblance in significance of the drivers, challenges, and strategies among developing countries meaning that these possess similar trends. This study also contributes to the topic of MC adoption in Kazakhstan, since there were very few similar topic research. Practical implications would include proposed recommendations made based on the findings of the study. 
[bookmark: _Toc165815207]5.2 Recommendations	
According to the results, several recommendations for MC adoption in alignment with circular economy principles in Kazakhstan can be proposed:
· First of all, it is of high importance to study and analyze the experiences of other developing or even developed countries that have successfully implemented the MC in the industry. More research should be done to find any valuable insights about the method and how to extract its benefits. 
· To overcome the most significant challenges from the results of the survey related to design flexibility, again, more research studies must be done to understand how other countries coped with similar problems. On the other hand, it might be more relatable to the government itself to promote the opening of the module manufacturing plants. 
· Development of design codes, standards, and practices cannot be done without the participation of 3rd party in the form of foreign countries. It is inevitable to realize that Kazakhstan, a developing country, must look for the experiences of developed countries that are more successful in certain areas. In this case, successful MC adoption countries are Hong Kong, Singapore, China etc. These countries should be monitored to find which incentives, and strategies helped them to gain this level. 
· The most significant drivers were found to be the main aspects of the circular economy. If MC is already associated with reducing waste, reducing resource consumption, etc., it is crucial to increase awareness about the CE principles and methods like recycling and reusing which are more complex rather than the reduction of waste and consumption. Since the recycling and reuse of the materials can only be achieved with the presence of appropriate parties and factories, it is the direct responsibility of the government to consider these principles. 
· The government must play a leading role in promoting new technologies, methods, etc. Significant changes can only be caused if the government is interested in the adoption of MC and CE principles in construction and other industries. Adoption of MC ideally should go together with the promotion of Circular Economy, since the former one’s features already correlate with the main principles of CE. This can be done by encouraging the construction of waste processing and recycling facilities. Moreover, the government must be encouraged to promote certain legislations and incentives to adjust the current construction industry. 
As the whole study has been performed, there are several recommendations for future directions of the research on a similar topic:
· This study was based on the questionnaire survey, which only proposed given choices regarding the Drivers, Challenges, and Implementation strategies for MC adoption in Kazakhstan. More information could be gained if interviews with construction professionals and stakeholders were conducted. It would give more detailed insights into the current situation regarding MC in Kazakhstan. 
· More research regarding MC in Kazakhstan must be done to have a more comprehensive view of the current trends of the method. A larger sample size would be more favorable to have as many opinions as possible. A larger sample size basically would affect the accuracy of the results and their possible diversity. 
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Figure A.1. Introduction to the survey
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Figure A.2. Consent form agreement
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Figure A.3 Q1 of the survey
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Figure A.4. Q2 of the survey
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Figure A.5. Q3 of the survey
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Figure A.6. Q4 of the survey
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Figure A.7. Q5 of the survey

[image: Изображение выглядит как текст, снимок экрана, меню, документ

Автоматически созданное описание]
Figure A.8. Q6 of the survey
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Figure A.9. Q7 of the survey
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Figure A.10. Q8 of the survey
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Figure A.11. Q9 of the survey













Appendix B
Table B.1 shows the information about IP address, Response ID and location of the respondents.
Table B.1 IP address, Response ID and location of the respondents.
	R#
	IP Address
	Response ID
	Location Latitude
	Location Longitude

	1
	195.189.68.138
	R_6RqHopjujk9fwM9
	51,1876
	71,4491

	2
	195.189.68.138
	R_2IaGEvETtEaLAgF
	51,1876
	71,4491

	3
	2.75.231.92
	R_4IVDeh8swRFhAqZ
	51,1876
	71,4491

	4
	195.189.68.138
	R_3DpcW8oJIkK6SA8
	51,1876
	71,4491

	5
	2.76.213.171
	R_4iKfOFs8u1FmEHL
	51,1876
	71,4491

	6
	95.82.64.94
	R_3YE3fJ45n5OdA1G
	51,1876
	71,4491

	7
	2.76.16.115
	R_4xsE1Jh0YPVdNNn
	51,1876
	71,4491

	8
	176.98.236.186
	R_2r1leqiYuXbZ4Xm
	51,1876
	71,4491

	9
	85.159.25.11
	R_4iEceTguxoeZNv3
	51,1876
	71,4491

	10
	2.76.61.87
	R_4EX649ml6TNGYHT
	51,1876
	71,4491

	11
	95.82.64.139
	R_8FQ9lykBMP55lVE
	51,1876
	71,4491

	12
	195.189.68.162
	R_1347ItjMkDIpw0Q
	51,1876
	71,4491

	13
	195.189.68.138
	R_7GvbMOgGDnYZUdL
	51,1876
	71,4491

	14
	195.189.68.138
	R_6bHutlffvrgkde4
	51,1876
	71,4491

	15
	195.189.68.130
	R_5jrCPQL422hk9tY
	51,1876
	71,4491

	17
	195.189.68.142
	R_2WgZRSNL6Qnicox
	51,1876
	71,4491

	18
	2.75.172.175
	R_4OV0t5yJZQUv7xb
	51,1876
	71,4491

	19
	2.75.172.175
	R_4WQdd9J7dIf9be9
	51,1876
	71,4491

	20
	178.91.253.83
	R_1iUs35Cc9V54L2H
	51,1876
	71,4491

	21
	2.75.172.175
	R_4OqQ3kEMWFlmnDv
	51,1876
	71,4491

	22
	85.117.113.114
	R_3JyePPQnnqHc3Dn
	51,1876
	71,4491

	23
	95.82.73.207
	R_2iAthHczszU2d7b
	51,1876
	71,4491

	24
	95.82.64.251
	R_2IQKHXSv1RTlNiL
	51,1876
	71,4491

	25
	87.255.216.73
	R_2rB0549LeObqehV
	51,1876
	71,4491

	26
	87.255.216.86
	R_4QAFabnkVFJnnGJ
	51,1876
	71,4491

	27
	2.76.49.94
	R_4R2gaPJYoqe2tgy
	51,1876
	71,4491

	28
	178.91.253.85
	R_6QMvbGRHZpAy9yV
	51,1876
	71,4491

	29
	185.48.148.173
	R_21nugX3VDzjWSHo
	51,1876
	71,4491

	30
	178.91.253.73
	R_7rJIswLXjdDekf8
	51,1876
	71,4491

	31
	93.171.70.134
	R_6pyXftP8Qf7fdFe
	51,1876
	71,4491

	32
	93.171.70.134
	R_8OImXtwz2t9C3wD
	51,1876
	71,4491

	33
	93.171.70.134
	R_6EShltkorAgGaul
	51,1876
	71,4491

	34
	93.171.70.134
	R_2pRHuFdeuKBWEos
	51,1876
	71,4491

	35
	93.171.70.134
	R_7sBDUvfCnqTIUp3
	51,1876
	71,4491

	36
	93.171.70.134
	R_84DaffO4LTbcQCc
	51,1876
	71,4491

	37
	93.171.70.134
	R_6IPN2wHPEijlJ4d
	51,1876
	71,4491

	38
	104.28.209.142
	R_7CZvMU0VKUKHwzg
	51,1876
	71,4491

	39
	104.28.241.142
	R_8Gj06RAGw6CcNO7
	51,1876
	71,4491

	40
	93.171.66.216
	R_8nHsaciyVrkExHU
	51,1876
	71,4491

	41
	93.171.66.216
	R_8HLzxYUT186W5aS
	51,1876
	71,4491

	42
	95.141.139.11
	R_7VDVEyfs9jAbMMf
	51,1876
	71,4491

	43
	2.78.129.122
	R_4Sl6qC77vXbeqoO
	51,229
	51,3577

	44
	62.122.4.64
	R_1Qfctj1acc0BILo
	52,2865
	76,9304

	45
	95.58.135.188
	R_2ialmnLg606o79n
	52,2865
	76,9304

	46
	79.134.37.71
	R_7SDKGgwKPi9KyYk
	43,2433
	76,8646

	47
	37.151.226.6
	R_40GYTjuKPt5DjQr
	51,1876
	71,4491

	48
	212.96.79.54
	R_2MaohGiCoj9k0Jb
	51,1876
	71,4491

	49
	37.151.226.6
	R_2cDmnIwI0Xo4Tf3
	51,1876
	71,4491

	50
	176.64.26.205
	R_2sMjDO9LgX4pbfr
	43,2433
	76,8646

	51
	95.58.180.71
	R_2pum05KupqZb1nO
	51,1876
	71,4491

	52
	89.107.99.36
	R_8qC1K79K38TZNWM
	43,2433
	76,8646

	53
	212.96.69.197
	R_2VgMUktHzBsXlj3
	51,1876
	71,4491

	54
	212.96.69.197
	R_8OZpwTDxjAhoRwU
	51,1876
	71,4491

	55
	212.96.69.197
	R_6HviLvoSwpeuvOG
	51,1876
	71,4491

	56
	212.96.69.197
	R_2xWZiXCWNpltjzj
	51,1876
	71,4491

	57
	212.96.69.197
	R_60lbODbKZSlc8nu
	51,1876
	71,4491

	58
	212.96.81.80
	R_4EiQDOcmJw0JMvd
	51,1876
	71,4491

	59
	178.91.253.73
	R_8ylSb9XXf9fC37d
	51,1876
	71,4491

	60
	185.48.148.173
	R_6wjjWpp3Li3wk3m
	51,1876
	71,4491

	61
	87.255.216.73
	R_2pgK9Zpx8RzY0dI
	51,1876
	71,4491

	62
	87.255.216.73
	R_2CJk3XevYwyDQzq
	51,1876
	71,4491

	63
	185.48.148.173
	R_3uDPhvnyu8V92Lm
	51,1876
	71,4491

	64
	87.255.216.73
	R_2F2N93oJHvszcCm
	51,1876
	71,4491

	65
	87.255.216.73
	R_1qyOMX2CjkygYfN
	51,1876
	71,4491

	66
	87.255.216.73
	R_2s6y8FlOez0HyG5
	51,1876
	71,4491

	67
	104.28.241.141
	R_21XFcB8oBmhwyI4
	51,1876
	71,4491

	68
	104.28.209.141
	R_71RY6o6MIqbijUN
	51,1876
	71,4491

	69
	217.196.27.130
	R_4DEbGaPnyxp4ofL
	51,1876
	71,4491

	70
	217.196.27.130
	R_2xEtXMgNqqbJzJ7
	51,1876
	71,4491

	71
	217.196.27.130
	R_6Ji9Av7PkrU6pMd
	51,1876
	71,4491

	72
	217.196.27.130
	R_4PtXCOTqbBqUWms
	51,1876
	71,4491

	73
	217.196.27.130
	R_6qagDFfZZO5DqSY
	51,1876
	71,4491

	74
	217.196.27.130
	R_43m8GzwYSH9H1Y1
	51,1876
	71,4491

	75
	217.196.27.130
	R_2MA4LoruJ6E0Yjx
	51,1876
	71,4491

	76
	51.159.125.141
	R_5cvCzUTFbEq33DX
	48,8323
	2,4075

	77
	62.210.173.19
	R_7OdLXDn7WMqXNO3
	48,8582
	2,3387

	78
	62.210.173.19
	R_7w4ACbu2yQ3K7Fi
	48,8582
	2,3387

	79
	62.210.173.19
	R_2nFnx5jAbX1YwyR
	48,8582
	2,3387

	80
	62.210.95.245
	R_7PjNscKOTBJ3SVJ
	48,8582
	2,3387

	81
	185.13.21.10
	R_13f41gzmPqG3WWH
	51,1876
	71,4491

	82
	62.210.95.204
	R_3jvum5FBXLqBH71
	48,8582
	2,3387

	83
	213.202.230.99
	R_2vMH1sBYRG0TDnb
	51,2993
	9,491

	84
	213.202.230.99
	R_47HYNxvvJFeMzkt
	51,2993
	9,491

	85
	162.19.240.193
	R_2wGmZeFnN0JQn8c
	48,8582
	2,3387

	86
	57.129.19.204
	R_7ht3O3dxOlg54SB
	50,1101
	8,6721

	87
	51.158.200.75
	R_2llO9KobHE5Vegl
	52,3803
	4,6422

	88
	51.158.200.110
	R_1HtCOdaPL80DsNH
	48,8323
	2,4075

	89
	66.23.207.138
	R_5ar2lV51VBuVxYZ
	41,871
	-87,6289

	90
	66.23.207.138
	R_5qkDb2zPh3UWEJ4
	41,871
	-87,6289

	91
	104.243.32.84
	R_1nN3XdbRrL2pw0g
	40,5511
	-74,4606

	92
	104.243.32.84
	R_62VoCVmncQsDhpr
	40,5511
	-74,4606

	93
	104.243.32.84
	R_3Gs78VpUu2giJNT
	40,5511
	-74,4606

	94
	104.243.32.84
	R_6g6WF8XQd5bMWij
	40,5511
	-74,4606

	95
	130.185.144.25
	R_62RsaT7zQHiNXKB
	51,4964
	-0,1224

	96
	51.159.104.6
	R_4KO55O7CwhPvWit
	48,8323
	2,4075

	97
	162.19.234.61
	R_2r7ZBsJ0KrpujmG
	51,2993
	9,491

	98
	51.158.200.86
	R_2ZQ93EATk7gbcHY
	52,3803
	4,6422



Table B.2 shows the responses for Q1 to Q5
Table B.2. Responses for Q1 to Q5
	 R#
	Q1
	Q2
	Q3
	Q4
	Q5

	1
	Developer
	Residential,Commercial,Educational
	Engineer
	1-5
	1-3

	2
	Developer
	Residential,Commercial,Educational,Industrial
	Engineer
	6-10
	1-3

	3
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	4
	Developer
	Residential,Commercial,Educational,Industrial
	Engineer
	1-5
	1-3

	5
	Developer
	Residential
	Other
	1-5
	No exp

	6
	Developer
	Industrial
	Engineer
	1
	No exp

	7
	Developer
	Residential,Commercial,Educational
	Engineer
	6-10
	1-3

	8
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	9
	Developer
	Residential,Commercial
	Engineer
	6-10
	No exp

	10
	Contractor
	Residential
	Other
	1-5
	No exp

	11
	Developer
	Residential,Commercial
	Other
	6-10
	1-3

	12
	Developer
	Residential
	Engineer
	1-5
	1-3

	13
	Developer
	Residential
	Project Manager
	6-10
	4-6

	14
	Developer
	Residential
	Other
	6-10
	1-3

	15
	Developer
	Residential,Commercial,Educational,Industrial
	Other
	1-5
	1-3

	16
	Developer
	Residential,Commercial,Educational
	Engineer
	6-10
	1-3

	17
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	18
	Contractor
	Residential
	Engineer
	6-10
	4-6

	19
	Contractor
	Residential,Commercial
	Architect/Designer
	11-15
	1-3

	20
	Consultant
	Commercial
	Project Manager
	1-5
	1-3

	21
	Contractor
	Residential,Commercial
	Engineer
	6-10
	1-3

	22
	Contractor
	Residential,Commercial,Educational
	Architect/Designer
	6-10
	4-6

	23
	Contractor
	Residential,Commercial,Educational
	Architect/Designer
	6-10
	1-3

	24
	Contractor
	Residential,Commercial,Educational
	Architect/Designer
	6-10
	1-3

	25
	Contractor
	Residential,Commercial
	Architect/Designer
	6-10
	1-3

	26
	Contractor
	Residential,Commercial,Educational
	Engineer
	6-10
	1-3

	27
	Developer
	Residential,Commercial
	Architect/Designer
	1-5
	1-3

	28
	Contractor
	Residential
	Engineer
	1-5
	1-3

	29
	Contractor
	Residential,Commercial
	Engineer
	6-10
	1-3

	30
	Developer
	Residential,Commercial,Educational
	Other
	6-10
	1-3

	31
	Developer
	Residential,Commercial,Educational
	Project Manager
	11-15
	1-3

	32
	Contractor
	Residential,Commercial
	Other
	6-10
	1-3

	33
	Developer
	Residential,Commercial,Educational
	Other
	6-10
	1-3

	34
	Contractor
	Residential,Commercial
	Engineer
	1-5
	1-3

	35
	Developer
	Residential,Commercial,Educational,Industrial
	Other
	6-10
	1-3

	36
	Developer
	Residential,Commercial,Educational,Industrial
	Other
	6-10
	1-3

	37
	Developer
	Residential,Commercial,Educational
	Other
	6-10
	1-3

	38
	Contractor
	Residential,Commercial
	Architect/Designer
	6-10
	1-3

	39
	Developer
	Residential,Commercial,Educational
	Project Manager
	11-15
	1-3

	40
	Contractor
	Residential,Commercial
	Engineer
	6-10
	1-3

	41
	Contractor
	Residential
	Engineer
	6-10
	1-3

	42
	Other
	Other
	Engineer
	1-5
	1-3

	43
	Contractor
	Residential,Commercial
	Engineer
	1-5
	1-3

	44
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	45
	Contractor
	Residential
	Project Manager
	1-5
	No exp

	46
	Contractor
	Residential,Commercial
	Architect/Designer
	6-10
	1-3

	47
	Developer
	Residential,Commercial,Educational
	Other
	6-10
	1-3

	48
	Developer
	Residential,Commercial,Educational
	Other
	6-10
	1-3

	49
	Contractor
	Commercial
	Engineer
	1-5
	1-3

	50
	Developer
	Residential,Commercial
	Architect/Designer
	6-10
	1-3

	51
	Contractor
	Industrial
	Engineer
	1-5
	No exp

	52
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	53
	Developer
	Residential,Commercial,Educational,Industrial
	Engineer
	1-5
	1-3

	54
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	55
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	56
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	57
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	58
	Developer
	Residential,Commercial
	Project Manager
	11-15
	1-3

	59
	Developer
	Residential,Commercial,Educational,Industrial
	Engineer
	1-5
	1-3

	60
	Developer
	Residential,Commercial,Educational
	Architect/Designer
	1-5
	1-3

	61
	Developer
	Residential,Commercial
	Architect/Designer
	6-10
	1-3

	62
	Contractor
	Residential,Commercial
	Other
	1-5
	1-3

	63
	Developer
	Residential,Commercial
	Architect/Designer
	1-5
	1-3

	64
	Developer
	Residential,Commercial
	Other
	1-5
	1-3

	65
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	66
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	67
	Developer
	Residential,Commercial,Educational
	Engineer
	1-5
	1-3

	68
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	69
	Developer
	Residential,Commercial,Educational,Industrial
	Architect/Designer
	1-5
	1-3

	70
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	71
	Developer
	Residential,Commercial,Educational
	Engineer
	1-5
	1-3

	72
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	73
	Contractor
	Residential,Commercial
	Engineer
	1-5
	1-3

	74
	Developer
	Residential,Commercial,Educational
	Engineer
	1-5
	1-3

	75
	Developer
	Residential,Commercial,Educational
	Engineer
	6-10
	1-3

	76
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	77
	Developer
	Residential,Commercial,Educational
	Engineer
	1-5
	1-3

	78
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	79
	Developer
	Residential,Commercial,Educational
	Engineer
	6-10
	1-3

	80
	Consultant
	Commercial
	Project Manager
	6-10
	1-3

	81
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	82
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	83
	Developer
	Residential,Commercial,Educational
	Engineer
	1-5
	1-3

	84
	Contractor
	Residential,Commercial
	Engineer
	11-15
	1-3

	85
	Contractor
	Residential,Commercial
	Architect/Designer
	1-5
	1-3

	86
	Contractor
	Commercial
	Engineer
	6-10
	1-3

	87
	Developer
	Residential,Commercial,Educational
	Engineer
	6-10
	1-3

	88
	Contractor
	Residential
	Engineer
	6-10
	1-3

	89
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	90
	Developer
	Residential,Commercial,Educational
	Engineer
	6-10
	1-3

	91
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	92
	Developer
	Residential,Commercial,Educational
	Engineer
	1-5
	1-3

	93
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	94
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	95
	Developer
	Residential,Commercial
	Engineer
	6-10
	1-3

	96
	Developer
	Residential,Commercial
	Engineer
	1-5
	1-3

	97
	Contractor
	Residential,Commercial
	Architect/Designer
	6-10
	1-3



Table B.3. Responses about Drivers
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9
	D10
	D11

	2
	1
	1
	2
	2
	2
	2
	3
	3
	3
	2

	3
	1
	2
	2
	3
	3
	3
	2
	2
	2
	2

	1
	3
	2
	2
	3
	1
	2
	1
	3
	6
	6

	3
	2
	6
	6
	6
	3
	2
	6
	6
	6
	6

	4
	1
	1
	2
	3
	1
	1
	2
	1
	1
	1

	3
	1
	3
	3
	3
	2
	2
	2
	3
	2
	2

	2
	2
	2
	5
	3
	2
	2
	1
	1
	1
	1

	6
	1
	1
	3
	3
	2
	1
	1
	1
	3
	2

	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	3
	3
	3
	3
	3
	2
	2
	2
	1
	1
	2

	3
	1
	1
	1
	2
	2
	1
	3
	2
	3
	1

	2
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2

	3
	1
	2
	1
	1
	2
	4
	5
	4
	4
	3

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1
	1
	2
	2
	2
	2
	3
	1
	1
	4
	1

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2
	1
	2
	3
	3
	2
	2
	2
	2
	2
	2

	1
	2
	3
	3
	2
	1
	2
	1
	3
	2
	1

	2
	1
	2
	3
	3
	2
	2
	2
	4
	2
	2

	2
	2
	1
	1
	2
	3
	1
	4
	2
	3
	2

	3
	1
	2
	3
	3
	2
	4
	4
	4
	3
	3

	2
	1
	2
	2
	3
	3
	4
	4
	4
	4
	3

	3
	1
	1
	3
	3
	2
	4
	3
	4
	2
	2

	2
	1
	1
	2
	3
	3
	3
	4
	4
	3
	4

	2
	1
	1
	2
	3
	2
	2
	3
	4
	4
	3

	2
	1
	1
	3
	4
	4
	4
	3
	4
	3
	3

	1
	1
	1
	2
	3
	3
	4
	3
	4
	4
	4

	2
	1
	1
	2
	3
	3
	4
	4
	4
	4
	3

	3
	1
	3
	3
	4
	4
	4
	2
	2
	2
	3

	2
	1
	1
	6
	3
	3
	6
	6
	4
	3
	6

	2
	1
	1
	1
	4
	4
	6
	6
	6
	2
	3

	2
	2
	2
	3
	3
	6
	6
	4
	4
	2
	6

	3
	2
	3
	3
	4
	4
	2
	2
	3
	3
	6

	3
	1
	1
	2
	3
	3
	3
	4
	2
	3
	3

	2
	1
	2
	3
	3
	3
	2
	4
	3
	2
	4

	1
	1
	1
	3
	3
	3
	2
	4
	4
	3
	3

	3
	1
	2
	2
	3
	3
	3
	4
	2
	1
	4

	2
	2
	2
	2
	3
	3
	3
	4
	3
	4
	4

	2
	1
	1
	2
	3
	2
	2
	4
	3
	3
	4

	3
	2
	2
	2
	3
	3
	2
	2
	4
	3
	4

	1
	1
	1
	1
	3
	3
	2
	1
	2
	4
	2

	1
	1
	2
	1
	1
	1
	1
	1
	5
	1
	1

	2
	3
	1
	4
	1
	1
	2
	3
	1
	1
	5

	2
	1
	3
	3
	3
	3
	6
	6
	4
	4
	1

	4
	2
	3
	2
	2
	3
	4
	4
	4
	4
	3

	2
	1
	2
	3
	3
	3
	2
	2
	3
	4
	4

	3
	2
	2
	2
	3
	4
	2
	2
	3
	3
	6

	2
	1
	3
	3
	3
	3
	1
	2
	4
	3
	6

	3
	4
	2
	2
	5
	1
	2
	3
	4
	1
	3

	3
	2
	3
	1
	2
	1
	2
	2
	3
	2
	4

	2
	1
	3
	1
	5
	4
	4
	2
	4
	5
	2

	2
	1
	1
	2
	4
	4
	3
	3
	4
	6
	6

	2
	1
	1
	2
	3
	3
	2
	4
	4
	6
	6

	3
	1
	2
	3
	3
	3
	2
	4
	2
	3
	6

	1
	1
	2
	2
	3
	3
	4
	3
	4
	6
	6

	2
	1
	2
	2
	4
	3
	2
	3
	4
	4
	4

	2
	1
	3
	2
	4
	4
	2
	3
	4
	4
	6

	3
	1
	1
	2
	4
	3
	2
	2
	3
	1
	6

	3
	1
	2
	2
	3
	3
	2
	2
	4
	4
	4

	2
	1
	1
	3
	2
	2
	2
	3
	3
	6
	6

	3
	1
	2
	2
	3
	3
	2
	2
	2
	3
	4

	2
	1
	1
	2
	2
	3
	1
	2
	3
	3
	3

	3
	2
	1
	2
	4
	3
	2
	2
	2
	3
	4

	2
	1
	1
	2
	3
	3
	1
	2
	2
	3
	4

	2
	1
	1
	2
	4
	3
	2
	3
	4
	4
	6

	2
	1
	1
	3
	4
	4
	2
	2
	3
	4
	4

	2
	1
	1
	1
	3
	3
	2
	4
	4
	4
	6

	3
	1
	1
	2
	3
	3
	1
	2
	4
	3
	4

	2
	1
	1
	2
	4
	3
	2
	2
	3
	2
	6

	3
	1
	1
	1
	3
	3
	2
	3
	4
	4
	6

	3
	1
	1
	2
	1
	2
	1
	3
	4
	4
	4

	2
	1
	1
	2
	3
	3
	1
	2
	3
	2
	4

	3
	1
	2
	3
	2
	2
	3
	2
	4
	4
	6

	3
	1
	1
	2
	3
	3
	2
	2
	2
	4
	4

	2
	1
	1
	2
	3
	3
	2
	2
	4
	4
	4

	3
	2
	2
	2
	3
	3
	2
	3
	4
	3
	6

	3
	2
	2
	3
	1
	1
	1
	2
	3
	4
	6

	2
	1
	1
	1
	3
	2
	2
	3
	4
	4
	4

	3
	1
	1
	2
	3
	3
	1
	2
	3
	4
	6

	1
	3
	1
	3
	1
	1
	1
	3
	1
	1
	5

	3
	1
	2
	2
	4
	4
	2
	3
	2
	3
	6

	4
	1
	2
	2
	4
	4
	1
	2
	3
	3
	4

	4
	1
	1
	2
	3
	3
	2
	4
	3
	2
	3

	3
	2
	1
	2
	3
	3
	1
	2
	3
	3
	4

	2
	1
	2
	2
	3
	3
	1
	4
	3
	4
	4

	2
	1
	1
	2
	3
	3
	1
	2
	4
	3
	3

	3
	1
	1
	2
	4
	3
	1
	2
	4
	4
	3

	3
	1
	1
	2
	3
	2
	1
	3
	4
	4
	3

	4
	1
	2
	2
	4
	4
	3
	4
	4
	3
	6

	3
	1
	2
	2
	4
	4
	2
	3
	4
	3
	4

	3
	1
	2
	2
	4
	4
	2
	3
	4
	4
	6

	2
	1
	1
	1
	2
	2
	4
	4
	3
	4
	4

	3
	1
	1
	1
	3
	3
	2
	3
	3
	3
	4

	4
	1
	1
	2
	3
	3
	2
	4
	3
	4
	6

	3
	1
	2
	2
	3
	3
	2
	4
	3
	4
	6

	3
	1
	1
	2
	2
	2
	1
	3
	3
	4
	4

	2
	1
	1
	2
	3
	3
	1
	2
	2
	3
	3



Table B.5. Responses about Challenges
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13

	2
	1
	1
	1
	3
	1
	1
	2
	1
	2
	1
	3
	2

	2
	1
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2
	2

	6
	1
	1
	1
	6
	1
	3
	1
	3
	3
	1
	3
	1

	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	1
	1
	1
	1
	1
	1
	3
	1
	3
	2
	3
	3
	1

	3
	2
	3
	5
	6
	6
	6
	6
	6
	6
	4
	6
	6

	2
	1
	1
	1
	2
	3
	2
	2
	3
	1
	2
	3
	2

	2
	1
	1
	1
	2
	1
	1
	1
	4
	2
	1
	1
	1

	3
	3
	3
	3
	3
	3
	2
	2
	2
	3
	2
	3
	1

	2
	3
	2
	4
	3
	4
	3
	2
	3
	2
	2
	3
	3

	3
	1
	2
	1
	3
	2
	1
	2
	3
	1
	3
	1
	3

	3
	2
	3
	1
	3
	3
	3
	3
	2
	3
	3
	3
	1

	1
	1
	1
	3
	5
	3
	2
	2
	3
	4
	4
	4
	4

	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	2
	1
	1
	1
	3
	3
	3
	1
	3
	3
	1
	1
	3

	2
	2
	1
	1
	3
	1
	3
	3
	2
	2
	2
	2
	2

	1
	2
	2
	2
	2
	1
	1
	2
	3
	3
	1
	2
	2

	3
	1
	3
	2
	1
	1
	2
	2
	1
	3
	1
	2
	2

	2
	1
	1
	1
	3
	2
	3
	2
	2
	4
	4
	4
	4

	2
	1
	3
	2
	4
	1
	3
	2
	3
	4
	2
	1
	2

	2
	1
	1
	1
	3
	2
	3
	4
	3
	4
	4
	4
	4

	2
	1
	2
	2
	4
	3
	4
	4
	2
	4
	3
	4
	4

	2
	1
	1
	1
	4
	3
	4
	2
	2
	4
	4
	4
	4

	2
	1
	1
	1
	3
	3
	4
	4
	2
	4
	4
	4
	4

	1
	1
	1
	1
	3
	3
	3
	2
	1
	4
	4
	4
	4

	2
	1
	1
	1
	4
	4
	4
	3
	2
	4
	4
	4
	3

	2
	1
	1
	1
	3
	3
	3
	2
	1
	4
	4
	2
	2

	2
	1
	1
	1
	3
	3
	4
	3
	1
	4
	4
	3
	4

	1
	1
	1
	1
	2
	4
	4
	4
	1
	2
	2
	4
	6

	2
	1
	1
	1
	4
	4
	6
	6
	2
	3
	3
	4
	6

	2
	2
	2
	2
	4
	3
	4
	2
	2
	3
	3
	6
	6

	2
	1
	2
	2
	4
	3
	6
	3
	2
	4
	4
	3
	4

	1
	1
	1
	1
	2
	2
	3
	2
	2
	4
	4
	3
	6

	2
	1
	1
	1
	3
	3
	4
	2
	1
	3
	3
	3
	6

	1
	1
	1
	1
	3
	4
	6
	2
	2
	3
	3
	2
	6

	2
	2
	1
	1
	4
	4
	4
	3
	2
	4
	4
	3
	2

	1
	2
	2
	1
	3
	4
	4
	3
	2
	2
	2
	3
	4

	2
	1
	2
	2
	3
	2
	2
	2
	2
	4
	4
	4
	4

	2
	1
	2
	2
	3
	2
	4
	2
	2
	4
	4
	4
	6

	1
	1
	2
	2
	4
	3
	3
	3
	2
	4
	6
	4
	6

	2
	1
	1
	3
	1
	1
	1
	1
	3
	2
	3
	3
	4

	3
	2
	1
	1
	3
	1
	3
	5
	3
	6
	5
	5
	1

	2
	1
	3
	3
	3
	1
	1
	1
	2
	2
	3
	1
	4

	3
	2
	3
	2
	6
	4
	3
	3
	4
	2
	2
	3
	4

	3
	2
	3
	3
	4
	2
	3
	2
	2
	2
	3
	4
	4

	1
	1
	2
	2
	3
	1
	4
	3
	2
	4
	4
	6
	6

	2
	1
	2
	2
	2
	3
	4
	3
	2
	4
	4
	4
	6

	2
	1
	3
	3
	4
	2
	3
	4
	2
	4
	4
	6
	4

	3
	1
	2
	4
	2
	3
	2
	3
	4
	5
	4
	3
	2

	2
	1
	2
	3
	3
	2
	2
	1
	2
	4
	4
	2
	2

	3
	3
	1
	1
	3
	4
	4
	5
	4
	3
	2
	3
	2

	1
	1
	2
	2
	4
	3
	4
	4
	3
	6
	6
	6
	6

	1
	1
	2
	1
	4
	3
	4
	3
	2
	6
	6
	4
	6

	2
	1
	2
	1
	3
	2
	4
	6
	2
	3
	3
	3
	4

	1
	1
	3
	3
	2
	3
	4
	3
	2
	4
	4
	6
	6

	1
	1
	2
	2
	1
	3
	3
	2
	2
	6
	6
	4
	3

	1
	1
	2
	2
	3
	4
	3
	3
	2
	4
	4
	6
	6

	1
	1
	2
	2
	3
	3
	4
	3
	2
	2
	2
	2
	6

	2
	1
	2
	1
	3
	3
	4
	2
	2
	4
	4
	2
	4

	2
	1
	1
	1
	2
	4
	3
	3
	2
	3
	4
	2
	6

	1
	1
	1
	1
	2
	4
	3
	3
	2
	3
	4
	2
	4

	1
	1
	1
	2
	1
	2
	3
	3
	2
	4
	4
	2
	4

	1
	1
	1
	2
	2
	1
	3
	3
	2
	3
	3
	3
	4

	1
	1
	1
	1
	1
	3
	4
	3
	2
	3
	3
	4
	4

	2
	1
	2
	2
	1
	3
	3
	2
	2
	4
	4
	3
	4

	1
	1
	1
	2
	2
	4
	4
	3
	2
	4
	4
	6
	6

	1
	1
	1
	1
	2
	3
	3
	3
	2
	4
	4
	3
	4

	1
	1
	2
	2
	2
	1
	3
	3
	2
	4
	4
	4
	3

	1
	1
	2
	2
	1
	3
	4
	3
	2
	6
	6
	6
	3

	1
	1
	1
	1
	2
	4
	3
	3
	2
	4
	3
	3
	4

	1
	1
	1
	1
	2
	2
	3
	4
	2
	3
	3
	6
	3

	1
	1
	1
	1
	2
	4
	4
	3
	2
	2
	2
	6
	3

	1
	1
	1
	1
	2
	3
	4
	4
	2
	3
	3
	4
	3

	1
	1
	1
	1
	2
	3
	3
	4
	2
	2
	3
	6
	3

	2
	1
	1
	1
	3
	2
	4
	3
	2
	4
	3
	4
	4

	2
	1
	1
	1
	1
	2
	4
	3
	2
	4
	4
	6
	6

	1
	1
	2
	2
	1
	2
	3
	3
	2
	4
	4
	2
	6

	3
	1
	2
	2
	1
	3
	4
	4
	2
	1
	1
	3
	4

	1
	1
	2
	2
	1
	3
	3
	3
	2
	1
	1
	3
	4

	4
	5
	4
	5
	5
	5
	5
	5
	5
	5
	4
	5
	5

	1
	1
	2
	2
	3
	2
	4
	4
	2
	6
	1
	3
	2

	1
	1
	2
	2
	3
	1
	4
	4
	2
	4
	2
	3
	3

	1
	1
	2
	3
	2
	2
	4
	4
	2
	3
	3
	4
	4

	1
	1
	1
	2
	3
	3
	4
	4
	2
	3
	2
	4
	2

	1
	1
	2
	2
	3
	2
	4
	3
	2
	3
	3
	4
	3

	1
	1
	1
	2
	3
	3
	4
	4
	2
	3
	2
	3
	4

	1
	1
	1
	2
	3
	2
	4
	4
	2
	3
	2
	4
	6

	1
	1
	2
	1
	2
	2
	4
	3
	2
	4
	3
	4
	4

	1
	1
	1
	1
	2
	2
	4
	4
	2
	3
	3
	4
	4

	1
	1
	1
	1
	4
	3
	4
	4
	2
	3
	3
	6
	6

	2
	2
	1
	2
	3
	3
	4
	3
	2
	2
	1
	4
	3

	4
	1
	1
	1
	2
	3
	4
	3
	2
	2
	1
	4
	4

	2
	1
	2
	2
	1
	2
	4
	4
	3
	2
	2
	4
	6

	1
	1
	1
	1
	2
	2
	4
	3
	2
	3
	3
	6
	3

	1
	1
	2
	2
	1
	2
	4
	4
	2
	3
	2
	4
	4

	1
	1
	1
	1
	2
	2
	4
	3
	2
	3
	2
	4
	4

	3
	1
	1
	1
	2
	3
	3
	3
	2
	3
	2
	4
	3






Table B.6. Responses about Implementation strategies
	IS2
	IS3
	IS4
	IS5
	IS6
	IS7
	IS8
	IS9
	IS10
	IS1
	IS12

	1
	3
	1
	2
	2
	1
	2
	1
	1
	2
	1

	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	1
	1
	1
	1
	1
	2
	1
	2
	1
	2
	2

	4
	4
	4
	4
	6
	3
	3
	6
	6
	2
	5

	1
	1
	2
	2
	1
	2
	2
	2
	2
	2
	2

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	2
	3
	3
	3
	3
	2
	2
	2
	2
	2
	2

	3
	2
	2
	1
	1
	1
	1
	2
	2
	3
	2

	1
	1
	3
	1
	1
	1
	1
	4
	3
	3
	3

	2
	2
	2
	2
	2
	2
	2
	3
	3
	3
	3

	3
	1
	1
	1
	2
	5
	2
	2
	5
	3
	6

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1
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Table B.7. Responses about Circular economy factors
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Distribution of company types 

Продажи	
Developer	Contractor	Consulting company	Other	66	28	2	1	





Projects specialization

Ряд 1	Residential 	Commercial/Office	Educational	Industrial	90	84	33	10	Ряд 2	Residential 	Commercial/Office	Educational	Industrial	Ряд 3	Residential 	Commercial/Office	Educational	Industrial	


Distribution of professions

Продажи	
Engineer	Architect/Designer	Project Manager	Foremen	Estimator	60	15	7	10	5	

Distribution of experiences

Продажи	
1 - 5 years	6 - 10 years	11 - 15 years	45	46	1.4	
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Country C& D Waste. % Reused] % Incinerated/
(m tonnes) recycled landfilled
Germany 59 17 83
UK 30 a5 55
France 24 15 85
Italy 20 9 91
Spain 13 <5 >95
Netherlands 1 90 10
Belgium 7 87 13
Austria 5 41 59
Portugal 3 <5 >95
Denmark 3 81 19
Greece 2 <5 >95
Sweden 2 21 79
Finland 1 a5 55
Ireland 1 <5 >95
Luxembourg 0 nja nja
Europe-15 (Symonds 180 28 72
Group Limited, 1999)
US in 1996 (Franklin 136 30 70
Associates, 1998)
Hong Kong in 1999 1355 79 21
Hong Kong in 2005 2145 89 1
Singapore in 1999 041 70 30
(MEWR, 2006)
Singapore in 2005 049 % 6
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Dear participants of the Survey, my name is Rustam Bakenov and | am a 2nd
year Master's student at Nazarbayev University.

You are invited to participate in a research study entitled "Prefabricated
Construction of Residential Buildings Towards Circular Economy in Kazakhstan "

We are collecting the opinions of professionals in the construction, engineering,
architecture, and facilities management (AECFM) industry in Kazakhstan on the
above research topic. The survey is going to include questions related to your
knowledge about prefabricated (modular) construction and your opinion about
the drivers, barriers, and implementation strategies. This survey will take
approximately 10 - 15 mins to complete

Any information obtained during this study will remain anonymous and kept
confidential to the full extent possible. All efforts, within reason, will be made to
keep your personal information in our research record confidential. The data is
going to be stored in private digital storage with limited access. The information
will be disseminated only to authorized individuals. Participation in this study is
strictly voluntary, and if you agree to participate, you can withdraw at any time
without prejudice

Itis understood that should any questions or comments arise regarding this
project, Rustam Bakenov, (rustam.bakenov@nu.edu.kz) or Thesis Supervisor Dr
Abid Nadeem (abid.nadeem@nu.edu kz) should be contacted

Important to know: Once you open this URL link for the survey, you have
one week to complete it, and it is recommended to finish the survey once
you open it so that your response is saved. If you provide an incomplete
response, it will not be accounted for.
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By clicking "l agree”, you indicate that you have read and understood the consent
form and agree to participate in the following research study.

() Yes, I agree

() No, I do not agree
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*(Q2) What type of building projects does your organization specialize in? (tick all
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*(Q4) Your years of working experience in the construction industry.
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*(Q5) Your years of experience in modular construction.
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() 4-6years

() Over 6 years
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*(Q6) Based on your experience, assess the significance of the following drivers
for modular construction adoption in Kazakhstan on a scale from 1 (Not
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*(Q7) Based on your experience, assess the significance of the following
challenges for modular construction adoption in Kazakhstan on a scale from 1
(Not significant at all) to 5 (Very significant)
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*(Q8) Based on your experience, assess the significance of the following

implementation strategies for modular construction adoption in Kazakhstan on a

scale from 1 (Not significant at all) to 5 (Very significant)?
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*(Q9) To what extent do you agree that modular construction supports and
improves the following circular economy principles/elements on a scale from 1
(Strong disagreement) to 5 (Strong agreement)?
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